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Abstract  
The increasing popularity of social media in the last decade has led to a considerable 
amount of user-generated content being shared online, with personal photography 
representing a significant portion of this. At the same time, the application of social 
media data to scientific research has also gained momentum. This thesis presents a 
preliminary exploration of how tourist-generated photographs sourced from social 
media can be applied to the analysis of both wildlife and social based dimensions of 
wildlife tourism experiences. To demonstrate proof of concept and a framework for 
how this approach can be employed, a case study on the viewing of Borneo Pygmy 
Elephants during riverboat tours along the Lower Kinabatangan River in Sabah, 
Malaysia from August to October 2017 is provided.  
The wildlife-centred research presented in this study found that 73% of the reported 
elephant sightings occurred within 1 km of agricultural land adjacent to the river 
(predominantly being oil palm plantations). This finding was reflected in the results 
of the social analysis on  tourist responses to elephant-viewing along the river, with 
30% of photograph captions on Instagram making reference to conservation issues, 
including the loss of natural forest habitat.  
To ensure sustainability of elephant-viewing tourism at this destination, site specific 
management requires ongoing and real-time information, particularly relating to 
landscape level issues. The findings of this pilot study suggest that social media 
derived content can be used to supplement and enhance understanding of wildlife 
tourism experiences by providing up-to-date information pertaining to visitor 
experience and the location and conditions under which wildlife is observed. The study 
also highlights the benefit of adopting a multiple-platform approach to researching 
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different aspects of wildlife tourism, reflecting the different ways that social media 
platforms are used. Further work is required to validate and assess the reliability of 
data sourced from social media against traditionally collected empirical data in order 
to extend this approach to larger datasets.  
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1.0 Introduction 
1.1 Background 
Wildlife tourism is a global industry that has evolved from the inherent human desire 
to see and interact with wildlife in natural settings (Curtin, 2009; Curtin & Kragh, 
2014; Newsome et al., 2013). It is regarded as a non-consumptive activity, with 
wildlife interactions ranging from observing and feeding wildlife through to 
photographing wild animals in different environments (Cong et al., 2014; Newsome 
et al., 2013).  As the economic and social significance of wildlife tourism and 
ecotourism continue to grow (Mintel, 2008; Wood et al., 2013) (particularly for 
biodiverse, developing countries) understanding the ecological and social interface of 
these experiences is critical for achieving long-term sustainability (Rodger & Moore, 
2004). Effective management of a wildlife tourism experience should not only 
consider the views and perceptions of visitors (Newsome et al., 2017a; Orsini & 
Newsome, 2005), but ideally monitor the circumstances under which wildlife is 
appreciated (Hansen, 2016).  In the case of endangered wildlife, the conservation 
needs of the species must also be prioritised. Protected areas are key mechanisms for 
conservation, which simultaneously support opportunities for human-wildlife 
interactions. In turn, tourism, can generate funding and political support for the 
ongoing management of the protected areas (Hausmann et al., 2017a).  However, to 
achieve management that is both responsive and adaptive, real-time information 
relating to the visitor experience (Walden-Schreiner et al., 2018) and the location and 
conditions under which wildlife is appreciated (Hansen, 2016) is required, and such 
data is often limited.  
Citizen science and crowdsourcing data collection can provide an effective alternative 
to traditional, centralised research methods particularly when resources and funding 
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are limited (Di Minin et al., 2015). Collecting data in this way has been facilitated over 
the past two decades by the availability of smart devices equipped with GPS services, 
high quality cameras and continuous internet connection (Di Minin et al., 2015; 
Silvertown, 2009) alongside the exponential growth in social media and a willingness 
to share information online (Barry, 2014).  Traditionally, retrieving up-to-date 
information on how tourists interact with natural areas has involved methods such as 
surveys and interviews, which can be laborious, time-consuming and costly 
(Hausmann et al., 2017a; Heikinheimo et al., 2017; Richards & Friess, 2015; 
Tenkanen et al., 2017; Wood et al., 2013).  
The new alternative of using widespread and readily available data uploaded to social 
media can provide a rapid and cost-effective way to explore nature-based tourist 
experiences and activities (Hausmann et al., 2017a; Heikinheimo et al., 2017; Prakash 
et al., 2018; Tenkanen et al., 2017; Wood et al., 2013). While other studies have 
analysed the social dimensions of nature tourism experiences using data sourced from 
Social Network Sites (SNSs) (Barry, 2014; Cong et al., 2014; Sonter et al., 2016), to 
the best of knowledge, this is the first wildlife tourism study to ground the approach 
within the framework of the established photovoice method. The modified photovoice 
approach proposed by Yi-Frazier et al. (2015) is employed in the social application of 
this pilot study to explore tourist responses to a wildlife viewing experience.  
As seen in tourism research, social media can also provide a novel source of 
biodiversity data, with users sharing images and associated metadata that include 
identification information and geographic references (Barve, 2014; Zhang et al., 
2012). In response, numerous citizen science projects have been developed around the 
utilization of this data source particularly for occurrence records on a broad range of 
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taxa (Barve, 2014; Kirkhope & Williams, 2010; Stafford et al., 2010). It is argued that 
data from social media holds the potential to investigate both social and environmental 
factors relating to wildlife tourism research; a challenge which is explored in this 
thesis.   
In this case study, social media platforms, Flickr and Instagram, were used to explore 
both wildlife-centred and social dimensions of a wildlife tourism experience focused 
on the viewing of wild Borneo Pygmy Elephants during riverboat tours along the 
Lower Kinabatangan River, Sabah, Malaysia (Figure 1). The critical importance of 
this region for wildlife conservation, coupled with the endangered status of the Borneo 
Pygmy Elephant (Choudhury et al., 2008) underpin the conservation significance of 
this research. Newsome et al. (2017a) identified that viewing pygmy elephants was 
rated as being of high importance for visitors to the Lower Kinabatangan River and a 
vital component of the overall wildlife-viewing tour, reinforcing the sociological 
significance of this study. This research explores tourist comments and aims to collect 
preliminary geographic information relating to where elephants are sighted. A further 
goal of this research is to explore the potential for implementing an innovative and 
low cost data collection approach that can inform future management decisions 
pertaining to tourist viewing of Borneo Pygmy Elephants.  
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Figure 1: Borneo Pygmy Elephant sighted during a riverboat cruise along the Lower Kinabatangan 
River. 
1.2 Thesis aim and objectives 
This pilot study explores how tourist-generated photographs sourced through existing 
SNSs can be used in wildlife tourism and conservation research. Specifically, 
photographs and captions will be used to gather information about the endangered 
Borneo Pygmy Elephant in the context of riverboat tours along the Lower 
Kinabatangan River, Borneo (Figure 1).  
1.2.1 Aim 
The aim of this study is to provide proof of concept for the use of SNSs, Flickr and 
Instagram, as a tool in understanding both social and ecological elements of a wildlife 
tourism experience. 
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1.2.2 Specific Objectives 
Wildlife-centred application 
I. Map elephant sightings along the Lower Kinabatangan River using geotagged 
photographs uploaded to Flickr.  
II. Investigate the landscape matrix in the vicinity of where elephants are sighted 
along the Lower Kinabatangan River.  
III. Discuss the feasibility of extending the technique of using geotagged tourist 
photographs shared online to supplement the long-term monitoring of Borneo 
Pygmy Elephants.   
Social application to tourist experiences with wildlife 
I. Explore tourist responses (ie. perceptions and type of visitor experience) 
reported on Instagram to elephant encounters along the Lower Kinabatangan 
River using a modified application of photovoice. 
II. Assess the feasibility of using this approach to explore tourist feedback for the 
purpose of enhancing tourist experiences.  
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1.3 Organisation of thesis 
Chapter 1 – Introduction. This chapter encompasses relevant background 
information about wildlife tourism as an industry and requirements for management. 
This proceeds into how crowdsourcing data from social media can be applied to the 
management of wildlife tourism experiences. The chapter concludes with the 
overarching aim of the thesis and specific objectives. 
Chapter 2 – Literature Review. A quantitative systematic literature review that 
explores how tourist photographs can and have been applied to wildlife tourism 
research in the current literature. Specifically, focusing on the application to both 
social and ecological aspects of an ecotourism experience.  
Chapter 3 – Preliminary Research and Method Validation. Preliminary research 
required for the development and validation of the Methods. In this section, three 
photo-sharing SNSs (Flickr, Instagram and Facebook) are reviewed for their 
suitability for data collection in this pilot study.  
Chapter 4 – Research Site. A description of the Lower Kinabatangan River region 
in Sabah, Malaysia including its significance as a world premier ecotourism 
destination and biodiversity hotspot.   
Chapter 5 – The Borneo Pygmy Elephant. This chapter will discuss why the Borneo 
Pygmy Elephant was selected as the target species for this pilot study and provide an 
overview of current research on the ecology, status and distribution of populations in 
Sabah, including major threats.  
Chapter 6 – Methods. This chapter details the inductive approach employed to 
investigate the application of tourist photographs sourced from social media to both 
wildlife and social based research, respectively. The exploratory approaches for each 
of these applications will be discussed in respect to both data collection and analysis. 
Chapter 7 – Results. Aligned with the structure of the Methods, this chapter reports 
the findings of the wildlife and social research applications, respectively. The results 
of the pilot citizen science project are reported in terms of project involvement, 
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geographic locations of elephant sightings and the observed landscape matrix in which 
they occur along a section of the Lower Kinabatangan River. A separate analysis, 
reporting on word frequency usage and key themes, reveals tourist responses to 
elephant viewing as provided through photograph captions on Instagram. 
Chapter 8 – Discussion. The structure of the Methods and Results carries over into 
the Discussion to provide a critical interpretation of the results for both the wildlife 
and social based research applications. The research objectives are revisited in respect 
to the results of this study and the published literature. A critical analysis of the 
limitations of this study is also provided.  
Chapter 9 – Future Work. In this section, recommendations for additional research 
are proposed to build on this emerging field of study, particularly in respect to 
improving the quality and efficiency of data collection. 
Chapter 10 – Conclusion. The thesis will conclude with a summary of the most 
significant findings from both the wildlife and social based applications presented in 
this pilot study.  
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2.0 Systematic literature review: applying tourist-
generated photography to wildlife tourism research  
The quantitative systematic literature review below has been written and formatted as 
a manuscript for publication in a peer-reviewed journal. The review provides a broad 
and encompassing background on the use of tourist photography as a research method 
and how it has been applied to wildlife tourism research so far. The findings from this 
section were essential for developing the research methodology adopted in this pilot 
project. The references to support this literature review manuscript are incorporated 
into the full reference list that appears in Section 11 of this thesis.  
2.1 Introduction 
2.1.1 Photography as a research method 
Photography is a long-established tool in scientific research, with a strong foundation 
in anthropology. The cameras ability to create a permanent visual record of a moment 
in time makes it capable of achieving accurate and automatic documentation (Basil, 
2011; Collier, 1957). The recorded information can then be explored beyond a literal 
image to also investigate emotive and social elements. Over time, as society has 
become increasingly digital and the taking of photographs has become more instant, 
the application of this approach has gained greater relevance and momentum in 
modern research (Zhang et al., 2012).  
The photo-elicitation technique epitomised this evolving application of photography 
in social research. Traditionally, photo-elicitation is based on the idea of inserting a 
photograph into a research interview and asking interviewees to comment on the 
photographs (Harper, 2002). The basis behind this process is that the parts of the brain 
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involved in processing visual information are evolutionary older than the parts 
involved in processing verbal information (Harper, 2002). Harper (2002) reports that 
this causes our discussion around images to evoke deeper elements of consciousness 
than through verbal inquiry alone.  
The photovoice technique developed by Wang & Burris (1997) branches off from 
photo-elicitation and empowers participants to engage more deeply in the process 
through the requirement that photographs be participant-generated as opposed to 
researcher-generated. Photovoice puts emphasis on action-orientated results (Given et 
al., 2011) by giving participants control over the selection and generation of 
photographs and then using the insight drawn from this process to influence 
management on a particular issue (Miller et al., 2016). At its core, photovoice provides 
a process for participants to amplify their voices in order to influence and direct 
change. This process is particularly useful for engaging groups who may have 
difficulty articulating their views (e.g. second language learners), thereby increasing 
the scope of participation (Given et al., 2011). It is important to note, however, that 
photographs alone cannot function as a dataset, and that discussion on and around the 
images is required to establish meaning and relevance (Given et al., 2011).  
One particular aspect of this review explores the adoption of a modified application of 
photovoice (Yi-Frazier et al., 2015), incorporating the use of user-generated 
photographs uploaded to online image-sharing platforms with the analysis of 
associated captions and comments providing the basis for discussion. This adaptation 
of the photovoice method reflects today’s modern world and the evolving nature of 
photography, community discussion and social media (Yi-Frazier et al., 2015; Zeglin 
& Mitchell, 2014). Rather than providing participants with cameras and asking them 
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to photograph a topic, this modified approach to photovoice analyses photographs that 
have been taken and shared online. In doing so, this overcomes limitations in respect 
to resources, funding and time (Given et al., 2011). Furthermore, this crowdsourcing 
approach provides an alternative to using directed surveys, which can also be 
expensive to execute and are generally conducted on limited spatial and temporal 
scales (Barve, 2014; Hausmann et al., 2017a; Richards & Friess, 2015; Wood et al., 
2013). 
When crowdsourcing data is used in this way it can be difficult to determine the 
source, particularly within a social network setting. Whilst the proposed research topic 
focuses on tourist-generated photography, whereby a tourist is defined as “one who 
ventures away from home, alone or in a group, to see or do something that is unusual 
relative to the daily round of life” (Chalfen, 1979), this review extends to encompass 
photographs generated by other groups such as members of the general public. The 
broad nature of the term “tourist” makes it difficult to isolate tourists within an online 
setting without knowing their place of origin. However, this limitation is largely 
overcome by the content of the photographs themselves. Given that photographs taken 
in a national park setting or of unique/charismatic wildlife are closely associated with 
a wildlife tourism experience (Newsome et al., 2005; Smith et al., 2006), it is safe to 
assume that a majority of these photographs are generated by people engaged in a 
tourism experience. This view is further reinforced by Chalfen (1979) who describes 
the activity of taking photographs as one of the most common tourist attributes.   
2.1.2 Application to wildlife tourism research 
Applying photovoice and tourist-generated photography to wildlife tourism research 
is opportunistic in drawing on tourists’ natural willingness to take and share 
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photographs during a wildlife experience (Hansen, 2016; Willemen et al., 2015). 
These photographs and accompanying narratives can then be used to answer questions 
about wildlife tourism experiences such as (1) ecological aspects of the target species, 
(2) the location of the wildlife and (3) circumstances under which the wildlife was 
appreciated and how tourists felt about the experience (Hansen, 2016).  
The diversity of studies that have used tourist photographs to monitor species or 
explore social interactions with wildlife are analysed in this article. This systematic 
quantitative literature review (Pickering & Byrne, 2014) explores how recent 
academic literature approaches the use of both photovoice techniques and tourist-
generated photography within the context of a wildlife and nature-based tourism 
setting.  
2.2 Method 
2.2.1 The systematic literature review method 
A systematic quantitative literature review of recent studies on the application of 
photovoice and tourist-generated photography to wildlife tourism research was carried 
out using the technique of Pickering & Byrne (2014) and Pickering et al. (2015). This 
method provides a more straightforward and systematic approach than the more 
traditional narrative method and aims to ameliorate potential biases by structuring the 
literature collection process in a series of defined and reproducible steps. By following 
the criteria of this systematic approach in the identification of relevant literature, this 
review provides a comprehensive overview of the current peer-reviewed articles.  
Research articles were obtained using the Murdoch University Findit online-search 
tool, which searches globally on over 100 subscribed databases including Scopus and 
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Web of Science. The Findit search tool also provides access to articles that may be 
available through BONUS+ or ArticleReach. The initial review parameters (Figure 2) 
included peer-reviewed articles from the last five years available in electronic format. 
This provided a starting point for the review and, given the nature of the topic as being 
a relatively new field, captured a high portion of the most relevant literature. The 
Findit online tool was searched in May 2017 and again in February 2018 using 
multiple combinations of keywords. The terms “wildlife” and “tourism” were 
searched in combination with “photo” and “social media”. The inclusion of the 
keyword “photo” was useful in not only capturing studies that utilized photographs, 
but also studies that used photovoice and photo-elicitation approaches. The reference 
lists from these initial articles were then cross-checked to locate additional and key 
older publications not identified by the electronic database search. Reference lists of 
additional articles were also cross-checked until no new articles were being identified 
(Figure 2). 
2.2.2 Screening and data extraction 
The keyword searches identified a total of 422 articles, which were subsequently 
screened to reject articles that (1) were written in a language other than English, (2) 
did not incorporate the use of photographs, (3) incorporated the use of photographs 
produced and analysed exclusively by researchers or (4) could not be applied to 
wildlife tourism or nature-based tourism. Whilst the application of tourist-generated 
photography to wildlife tourism research is the primary focus of this review, articles 
discussing nature-based tourism are also included, due to the strong overlap in these 
fields of research. Newsome et al. (2005 & 2013) highlight the important role that 
wildlife presence and observation plays in the recreational experience of visitors to 
natural areas, which validates the decision to include these articles. The decision to 
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reject articles that used photographs gathered and analysed exclusively by researchers 
was necessary to exclude the large volume of wildlife studies that utilize techniques 
such as camera-trapping. Such studies were not relevant to the topic of this review, as 
they did not incorporate the use of photographs generated by tourists or members of 
the public. In addition, it is a requirement of the photovoice methodology that 
photographs be participant-generated, further supporting the need to exclude such 
studies. After the consecutive cross-checking of reference lists, 50 articles were 
selected for further analysis. 
2.2.3 Key variables and questions to assess 
The 50 selected articles were quantitatively assessed to provide a structured overview 
of the published literature. Data collected from each article included publication 
information (author(s) and journal), temporal and geographic information (country 
and continent), whether the article was research based or a review article, target 
species (for ecological studies), who was providing the photos, what type of online 
platform was used to access photographs, whether the study method was qualitative 
or quantitative, sample size (number of photographs), sampling period, whether 
geotagged photographs were used and finally a summary of the main findings of the 
study. It is important to note that in some cases where information was sourced from 
online platforms, the actual location of the study site was different to the published 
location of the article. Subsequently, for the purpose of this review, location was 
defined as the locality of the study site. These variables, including descriptions of 
relevant categories, are outlined in Table 1.  
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Figure 2: Flow diagram of the literature review process. The number of studies that were located, 
retained and discarded are shown at each stage of the process. 
 
  
Articles included from cross 
checking additional reference 
lists: (n=6) 
Articles included from 
electronic database search: 
(n=22) 
Articles included from cross 
checking reference lists: 
(n=20) 
Articles screened and 
identified through database 
search: (n=422) 
Articles included from cross 
checking additional reference 
lists: (n=2) 
Articles excluded (n=400) 
because they:  
(i) Did not incorporate the use 
of photographs 
(ii) Incorporated the use of 
photographs produced and 
analysed exclusively by 
researchers 
(iii) Could not be applied to 
wildlife tourism or nature-
based tourism 
(iv) Were written in a 
language other than English. 
Total articles included in 
systematic literature review: 
(n=50) 
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Table 1: List of variables collected from articles in the review.  
 
2.3 Results 
The following sections will report on the results of the systematic quantitative 
literature review whereby sample size (n) is expressed as the total number of peer 
reviewed articles. 
Variable Description/ List of Categories Data type 
Author (year) 
 
Text 
Journal 
 
Text 
Location of study 
 
Text 
Target species 
 
Text 
Focus of study 
 
Text 
Photographs 
uploaded/ taken by 
General public, Tourists, Researchers & 
General public, Researchers & Tour Operators 
Categorical 
Online platform - 
dedicated vs SNS 
Dedicated, SNS, Other, Dedicated and SNS, 
Dedicated and other, SNS and other, Dedicated 
and SNS and other 
Categorical 
Name of dedicated 
platform 
Wildbook, Wildbook for Whale Sharks, 
iNaturalist, eBird, Pic4Turtle, TORSOOI, 
Waarnemingen, Whale shark photo library 
Categorical 
Name of SNS Flickr, Youtube, Instagram, Facebook, Vimeo, 
TripAdvisor, Twitter, Panoramio, LinkedIn 
Categorical 
Name of other Wikipedia, PPGIS, OpenStreetMap, Google 
Earth, GBIF, Map of Life, NBN 
Categorical 
Method Quantitative, Qualitative, Both Categorical 
Review or research 
paper 
Review, Research, Both Categorical 
Sample size 
(Number of photos) 
Less than 50, 50-100, 100-500, 500-1000, 
1000-10000, Greater than 10000 
Categorical 
Sample period Less than 1 month, 1-6 months, 6 months - 1 
year, 1-2 years, 2-5 years, greater than 5 years 
Categorical 
Geotagging Were geotagged photographs used/ discussed? Yes/ No 
Main findings 
 
Text 
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2.3.1 Overview of research characteristics 
After four iterations of the search process, a total of 50 peer reviewed articles reporting 
on the application of photovoice and tourist-generated photography to wildlife tourism 
research were analysed. There has been increasing academic interest in this research 
topic in the last three years (Figure 3), with a total of 11 articles (22%)  published in 
the 2016 calendar year. Geographically, the research is spread over 20 countries 
(Figure 4) and 6 continents (Figure 5). The majority of these studies were from 
Australia (n=11; 22%) and the United States of America (n=11; 22%). The only other 
countries with multiple studies were the United Kingdom (n=3; 6 %), South Africa 
(n=2, 4%) and Finland (n=2, 4%).  
 
Figure 3: Number of peer reviewed articles published each year. 
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Figure 4: Geographic distribution of peer reviewed articles by country. 
 
Figure 5: Geographic distribution of peer reviewed articles by continent. 
Photographs were predominantly sourced from people identified as the general public 
(n=31; 65.96%) and then from people identified as tourists (n=13; 27.66%). 
Combinations of contributors were included in cases where researcher-generated 
photos were also incorporated (Figure 6). Two articles used photographs produced by 
the general public in combination with researchers (4.26%) and another used 
photographs produced by tour operators in combination with researchers (2.13%).  
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Figure 6: Who provides the photos? Percentage of peer reviewed articles using photos provided by 
different groups.  
Of the 50 articles analysed, the majority were research studies (n= 40; 80%) with five 
articles being exclusively review based (10%). In addition, the five research articles 
that featured their own dedicated literature review section were analysed separately 
and these accounted for 10% of the literature.  With respect to method, 31 studies 
adopted a quantitative approach (62%), ten used a qualitative approach (20%) and nine 
studies used a combination of both (18%). The incorporation of geotagged 
photographs (with locational data stored in the images EXIF file) was detected in 
59.42% of studies that collected data from online platforms. With respect to the types 
of online platforms used, 25 studies exclusively collected data from SNSs whilst nine 
articles exclusively accessed photographs from a dedicated platform (Table 2).  The 
most commonly used SNS by studies was Flickr (n=23), followed by Instagram (n=7) 
and Facebook and Twitter equally (n=6) (Table 2).  
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Table 2: Range of online platforms utilised in studies to source photographs. Some studies referred to 
multiple platforms and for the purpose of this table have been recorded as separate results. 
Platform 
Type 
Total 
Studies 
Platform No. of 
Studies 
Utilising 
Platform 
Author/s 
Dedicated 15 Wildbook for 
Whale Sharks 
8 Araujo et al. (2016), Arzoumanian et al. 
(2005), Davies et al. (2012), Holmberg et al. 
(2008), Holmberg et al. (2009), Norman 
(1999), Norman et al. (2016), Pearson et al. 
(2016)   
BeeWatch 2 Pearson et al. (2016), van der Wal et al. 
(2015)   
iNaturalist 2 Dickinson et al. (2012), White et al. (2015)   
Wildbook 2 Dunbar et al. (2016), Parham (2015)   
Waarnemingen 1 Vantieghem et al. (2016)   
Pic4Turtle 1 Dunbar et al. (2016)   
eBird 1 Dickinson et al. (2012)   
TORSOOI 1 Carpentier et al. (2016) 
Social 
Network 
Site 
32 Flickr 23 Araujo et al. (2016), Barry (2014), Barve 
(2014), Davies et al. (2012), Di Minin et al. 
(2015), Hausmann et al. (2017a), Keeler et 
al. (2015), Kirkhope & Williams (2010), 
Levin et al. (2015), Levin et al. (2017), 
Pearson et al. (2016), Richards & Friess 
(2015), Sessions et al. (2016), Sonter et al. 
(2016), Stafford et al. (2010), Straumann et 
al. (2014), Tenkanen et al. (2017), van 
Zanten et al. (2016), Walden-Schreiner 
(2017), Walden-Schreiner et al. (2018), 
Willemen et al. (2015), Wood et al. (2013), 
Zhang et al. (2012)   
Instagram 7 Di Minin et al. (2015), Hausmann et al. 
(2017a), Hausmann et al. (2017b), 
Heikinheimo et al. (2017), Pearson et al. 
(2016), Tenkanen et al. (2017), van Zanten et 
al. (2016),   
Facebook 6 Araujo et al. (2016), Di Minin et al. (2015), 
Dickinson et al. (2012), Pearson et al. (2016), 
Stafford et al. (2010), White et al. (2015)   
Twitter 6 Di Minin et al. (2015), Palomino et al. 
(2016), Pearson et al. (2016), Roberge 
(2014), Tenkanen et al. (2017), White et al. 
(2015)   
Youtube 3 Araujo et al. (2016), Davies et al. (2012), Di 
Minin et al. (2015)   
TripAdvisor 2 Cong et al. (2014), Lu & Stepchenkova 
(2012)   
Vimeo 1 Araujo et al. (2016)   
Panoramio 1 van Zanten et al. (2016)   
LinkedIn 1 Di Minin et al. (2015) 
Other 4 Wikipedia 1 Levin et al. (2017)   
PPGIS 1 Levin et al. (2017)   
OpenStreetMap 1 Levin et al. (2017)   
Google Earth 1 Orsi & Geneletti (2013)   
GBIF 1 White et al. (2015)   
Map of Life 1 White et al. (2015)   
NBN 1 van der Wal et al. (2015) 
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A separate analysis classified articles into three categories: (1) ecological studies on 
wildlife, (2) social studies on people’s interactions with wildlife and natural areas or 
(3) incorporating elements of both (Figure 7). The number of yearly publications 
across all three categories have been shown to increase over recent years, with the 
majority of ecological studies (n=14, 70%), social studies (n=24, 85.71%) and 
combined studies (n=2, 100%) being published after and including 2010 (Figure 8). 
The analysis revealed an overall bias towards social research studies (n=28; 56%) in 
the application of tourist-generated photography. Studies from North America focused 
on social research, primarily relating to visitation rates and tourist perceptions (Figure 
9). In contrast, studies from Australia predominantly applied tourist-generated 
photography to ecological research (on whale-sharks), with these accounting for 
63.64% (n=7) of the Australian studies. Ecological studies from Asia (which also 
focused exclusively on whale sharks) represented 40% (n=2) of the total studies from 
Asia (Figure 10), whilst 60.00% (n=3) were social science based (Figure 9). Research 
from Europe showed an even distribution between social (n=6) and ecological (n=5) 
studies.  
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Figure 7: Proportion of peer reviewed articles focusing on social based and ecological based research 
using tourist-generated photography. 
 
 
Figure 8: Publications by year in relation to study focus (social, ecological and combination). 
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Figure 9: Location of publications by continent in relation to study focus (social, ecological and 
combination). “N/A” represents studies without a defined study site, with these typically being review 
articles. 
 
Figure 10: Location of publications by continent in relation to target species for ecological studies. 
“N/A” represents ecological studies without a target species.  
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Sample size of the reported studies was analysed from the perspective of both duration 
of study (Figure 11) and the number of photos collected (Figure 12). The majority of 
studies had data collection periods of greater than five years (45.71%), but there is 
evidence of a bimodal nature for study length with 37.15% of studies running for less 
than one year (Figure 11). The reported studies analysed a large number of 
photographs (Figure 12) with a majority (68.76%) analysing more than 1000 
photographs and 84.39% of studies analysing more than 500 photographs. The 
relationship between the number of collected photographs and platform type (i.e. 
dedicated vs. SNS) was also analysed and revealed that studies using SNSs typically 
returned larger datasets (Figure 13).  
 
Figure 11: Percentage of included articles categorized based on the duration of the study period. 
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Figure 12: Percentage of included articles categorized based on sample size (number of collected 
photographs). 
 
 
Figure 13: Relationship between online platform (dedicated vs SNS) and sample size (number of 
photographs).    
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2.4 Discussion 
2.4.1 Publication trends and geographic distribution 
Markwell (1997), the earliest article included in this review, provides a foundational 
discussion of tourist-photography research within the context of a nature-based tour. 
This review highlights how the application of tourist-generated photography has 
increased steadily since that time, drawing particular interest in the last three years.  
This increased usage overlaps with the recent and exponential growth of social media 
and the willingness of people to share photographs via image-sharing applications and 
internet communities (Barry, 2014). With the peak year for publications on this topic 
being 2016, it will be interesting to observe how this trend continues to grow over the 
next decade with the increasing evolution of Web 2.0 applications and devices that 
enable people to collaborate and share information online (Levin et al., 2015; Orsi & 
Geneletti, 2013).  
Published studies are geographically distributed in favour of the USA, Australia and 
the UK. Studies from North America demonstrated a preference towards social 
research on topics such as visitation rates and tourist perceptions. Ecologically focused 
research in Australia (and Asia), primarily targeted the distribution and population 
structure of whale-sharks using tourist-generated photographic data.  Interestingly, the 
three ecological studies from the UK all investigated the use of photographs generated 
by the public to contribute to the monitoring of bee populations. The limited number 
of published studies from South America, Africa and Asia highlights a gap in the 
literature, particularly when these regions contain many of the world’s biodiversity 
hotspots (Myers et al., 2000). There is, however, possible bias that must be considered 
when interpreting the dominance of studies undertaken in the USA, Australia and the 
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UK given the inclusion criteria of studies being written in English. Consequently, a 
similar systematic review of articles published in languages other than English is 
worthy of future research.  
2.4.2 Collection of photographs 
This review analysed articles that collected photographs and data from dedicated 
online platforms, publicly available SNS and combinations thereof. Dedicated 
platforms are developed by researchers to provide an avenue whereby people can 
upload relevant images that are analysed by professionals in the field, for example the 
identification of whale-shark individuals by marine biologists using the platform 
Wildbook for Whale Sharks (Araujo et al., 2016; Norman, 1999; Norman et al., 2016). 
Wildbook is an open source software framework that captures citizen science data, 
including photographs, to support collaborative mark-recapture and social ecology 
studies (Wild Me, 2016). In October 2016, Wildbook was created after a name change 
from the former, Image Based Ecological Information System (IBEIS) project, which 
was utilized in Parham’s (2015) research to estimate the size of zebra and giraffe 
populations in Nairobi National Park.  
The benefit of dedicated platforms, such as Wildbook, is the increased relevance of 
the user-generated information uploaded for the purpose of its incorporation in 
research compared to SNSs where platforms are often non-specific, differing in 
purpose, popularity and user-profile (Heikinheimo et al., 2017). The attraction of using 
SNSs lies in the ability to facilitate greater participation and reduce the costs of storing 
photographic records on specialised databases (Stafford et al., 2010). Limitations 
however arise in the large degree of ‘noise’ in data collected from SNSs caused by 
misleading tags and ambiguous visual content (Zhang et al., 2012). Such errors are 
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often compensated for in these situations by analysing large datasets. As demonstrated 
in Figure 13, studies sourcing visual content from SNSs are more likely to use a sample 
size of greater than 10,000 photographs in their analysis, whilst the number of 
photographs collected on dedicated platforms are more likely to lie between 1000 and 
10,000 photographs. It was also found that Flickr is the most frequently used platform 
amongst SNS-based studies (see Table 2). The published studies justify this selection 
on the basis that Flickr is a well-established image-sharing platform with more than 8 
billion photographs and over 87 million registered users in 2013 (Levin et al., 2015). 
In addition, Flickr allows the storing of metadata for the uploaded images, including 
where the photograph was taken. Users can attach this metadata manually or 
automatically when using GPS enabled devices such as smartphones and some digital 
cameras to record geographic information.  
The utilisation of geotagged photographs in research was identified in 59% of studies 
using online platforms. This feature is particularly useful for studies estimating 
visitation rates and the presence and interaction of people with natural areas 
(Hausmann et al., 2017a; Heikinheimo et al., 2017; Keeler et al., 2015; Levin et al., 
2015; Levin et al., 2017; Orsi & Geneletti, 2013; Richards & Friess, 2015; Sonter et 
al., 2016; Straumann et al., 2014; van Zanten et al., 2016; Wood et al., 2013). An 
alternative application of geo-positioning metadata is for wildlife monitoring 
programs, as demonstrated in the studies from the UK that use geotagged photographs 
from Flickr to map the distribution of bees (Kirkhope & Williams, 2010; Stafford et 
al., 2010). Stafford et al. (2010) report that the most useful approach to such 
monitoring programs, particularly when funds and time are limited, is the use of a 
specialist group within the framework of an existing social network such as Flickr.  
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A key question when crowdsourcing information in this way is who provides the 
photos? This review demonstrates that the general public provided photographs in 
66% of the included articles. This dominance can be explained by those studies using 
SNSs to collect and analyse very large datasets. In such cases, it is often difficult to 
identify the specific character of the people sharing their photographs (i.e. tourists/ 
visitors versus residents). Depending on the focus of the study knowing this 
information may not however be a distinction of importance or even necessary. An 
example of where this information was needed is the research by Straumann et al. 
(2014) who compared the photo-taking behaviour of foreign tourists and residents in 
Zurich, Switzerland. This study examined Flickr user profiles to determine the country 
of origin of the photographer. Other studies that exclusively use images provided by 
tourists often did not draw information from online platforms, but instead recruited 
tourists as participants and requested them to take photographs using a supplied 
camera or other means (Dorwart et al., 2009; Hansen, 2016; Mackay & Couldwell, 
2004; Tonge et al., 2013). Evidently, such direct contact with study participants is 
required when identification of who provides the photographs is important, which 
highlights a potential limitation of using online platforms to source images for social 
research, for example, as in the case of nature-based tourism studies.  
2.4.3 Application to research 
Social studies relating to visitors’ connection to wildlife 
The distribution of articles was skewed in favour of social studies focusing on visitors’ 
thoughts, behaviours and interactions with nature. These articles explored visitors’ 
relationship with nature and wildlife in different ways. A number of studies 
investigated tourist perceptions about species attractiveness and the cultural benefits 
of natural area tourism using information drawn from social media (Hausmann et al., 
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2017a; Heikinheimo et al., 2017; Richards & Friess, 2015; Willemen et al., 2015). 
Generally, these studies found that social media provided a reliable alternative to 
survey-based information gathering and gave useful insight into the popularity of 
certain species and the value of cultural ecosystem services, such as opportunities for 
wildlife focused recreation. This information can be directed towards management 
strategies to safeguard biodiversity and certain ecosystem services (Willimen et al., 
2015). Other studies used geotagged content to investigate visitation rates and visitor 
flows in natural areas (Levin et al., 2015; Orsi & Geneletti, 2013; Sonter et al., 2016; 
Wood et al., 2013). These articles revealed that geotagged photographs provide a 
reliable surrogate for visitor numbers and that as online material grows, crowdsourcing 
information in this way may open up a new and revolutionary approach to 
understanding questions about where people recreate in natural areas.  
Ecological studies on wildlife  
Ecological studies focusing on the monitoring of species and ecological phenomena 
accounted for only two out of five (40%) of the reviewed articles, suggesting that the 
application of tourist-generated photographs and comments to such research is not 
being utilized to the extent of social research. The application of tourist-generated 
photography does however appear to be gaining more momentum in the most recent 
literature, with most ecological studies (70%) having been published after 2010 
(Figure 8). Currently there is limited diversity in the species targeted by this method, 
but those that have been studied were often the subject of replicate and/or longitudinal 
research. This was particularly true for whale sharks (seven articles) and bees (three 
articles). This trend suggests that once such a citizen science program is established, 
and has been running for long enough to accumulate enough photographs, it is then 
possible to conduct numerous studies on the ecology of the target species. For 
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example, all of the Australian ecological studies focused on the monitoring of whale-
sharks (Arzoumanian et al., 2005; Holmberg et al., 2008; Holmberg et al., 2009; 
Meekan et al., 2006; Norman, 1999; Norman et al., 2016; Speed et al., 2007). This 
breadth of literature on whale-sharks, often incorporating a combination of researcher 
and publicly supplied photographic information, provides a case study for the 
application of this approach for long-term ecological monitoring and conservation of 
other wildlife.  
Only 4% of studies explored the combination of both social and ecological elements 
in their use of tourist-generated photography. The majority of these studies were 
review papers discussing the general application of social media and user-generated 
information in conservation and sustainability science (Di Minin, et al. 2015; Pearson 
et al., 2016). Evidently, the application of tourist-generated photographs and 
comments to research on both wildlife tourism experiences and the monitoring of the 
wildlife itself is an area that has received little attention in the published literature to 
this point.  
2.4.4 Implications and further research 
It was the aim of this systematic review to document how the current peer-reviewed 
literature has approached the use of tourist-generated photography and photovoice 
techniques to research wildlife tourism. The review identifies different online 
platforms used to source photographs, the appropriateness of the platform depending 
on the focus of the study and the different sample sizes attributed to research using 
dedicated or SNS platforms. This review also provides an overview of the application 
of tourist-generated data to either social or ecological research. It highlights that little 
research has been conducted on the application of tourist-generated photography to 
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the combined analysis of both the social and ecological elements of wildlife tourism 
experiences. Included articles demonstrated the ability to use geotagged content to 
map and monitor species distribution and the effectiveness of conducting content 
analysis on photographs and comments to draw on tourist perceptions. Few studies, 
however, address both these elements in the context of wildlife tourism experiences. 
This approach could be particularly useful for tourist interactions with endangered 
wildlife, wildlife that has not yet been well researched, or for improving conservation 
efforts in biodiverse developing countries that may be limited by funding and access 
to resources (Barve, 2014). It was also noted that there are relatively few dedicated 
review articles on tourist photography in wildlife research, emphasizing the 
contribution of this review.  
Expanding the geographic application of this research to South America, Africa and 
Asia should be prioritized, particularly considering the highly unique and diverse 
natural areas found on these continents (Myers et al., 2000). Given that the literature 
on this topic is still beginning to emerge, there is great need for more quantitative 
studies building on the foundational research to improve our understanding and to 
validate the use of such data sources in wildlife tourism research. Many of the 
reviewed articles report the need for more studies comparing social media data to data 
collected by traditional means when using SNSs (Barry, 2014) and to further explore 
potential sources of bias, representation and other limitations in using these 
technological strategies (Hansen, 2016; Heikinheimo et al., 2017; Keeler et al., 2015). 
Applying this approach to different taxonomic groups (Roberge, 2014), at different 
tourism destinations (Mackay & Couldwell, 2004) and to different ecological 
phenomena (e.g. distribution of blooming flowers) (Zhang et al., 2012) may also 
warrant investigation to further explore potential ecological applications.  
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2.4.5  Significance of review to this thesis  
The systematic literature review above played a critical role in informing the direction 
of this thesis. Reviewing a broad spectrum of studies relating to the application of 
tourist-generated photography to wildlife tourism research allowed for the 
identification of gaps in the literature. As discussed in the previous section, there is 
currently limited research articles that utilize SNSs for the simultaneous investigation 
of both social and ecological dimensions of a wildlife tourism experience. There is 
also a need to expand this area of research geographically and taxonomically. To 
address these gaps, this case study on the viewing of endangered Borneo Pygmy 
Elephants in the Lower Kinabatangan River region of Sabah, Malaysia has been 
adopted. Using this wildlife tourism experience, this pilot study will build on 
foundational research reported in the systematic review and will explore the overall 
feasibility of applying tourist-generated content sourced from SNSs to the field of 
wildlife tourism research.  
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3.0 Preliminary research and method validation 
During the initial planning stages for this pilot study, it was first necessary to explore 
various image-based SNSs in order to determine which would be most appropriate for 
gathering data to answer the research questions. The selection of SNSs would then 
guide the development of the research method based on the characteristics and features 
of the selected SNSs. The systematic quantitative literature review discussed in 
Chapter 2 played a pivotal role in informing this decision-making process, by 
identifying approaches used in aligned studies. The three platforms reviewed were 
Flickr, Instagram and Facebook (Table 3), as they all, to varying degrees, provide 
popular photo-sharing services. In order to effectively guide data collection for this 
research, it was critical that the platform(s) could support the upload of geotagged 
photographs, aid discussion around images, were easy to use/access and could allow 
for efficient searching and filtering of content by the researcher.  
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Table 3: Comparison of three image-sharing SNSs (Di Minin et al., 2015). Statistics regarding number of monthly active users sourced from Cowling (2017). 
 
Name of 
Platform 
Description Available search parameters Retains photo 
EXIF data 
Number of monthly 
active users 
Flickr Image/video hosting and storing 
website. Popular amongst 
photographers.  
User, location (latitude/longitude), 
photos, keyword, tags, people, 
groups, galleries, favourites, contacts, 
comments, places  
Yes 480,000 
Instagram Sharing of photos and short videos via 
mobile application. Captions often 
include hashtags to organise/ 
categorize photo content and to 
connect users around a subject.   
User, location (selected by user), 
keyword, tags, followers, photos, 
popular items, comments. likes  
No 9,000,000 
Facebook Popular social networking site. 
Allows sharing of statuses/ photos/ 
videos and links with friends. 
Supports interactive online 
discussion. 
User, page, event, group, place No 15,000,000 
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3.1 Flickr 
While Flickr was not found to be the most popular of the three image-sharing 
platforms in terms of number of active users (Table 3), it is a stand-out platform in 
terms of its use as a data source in GIScience, geography and in the tourism literature 
(Walden-Schreiner, 2017; see Chapter 2: Table 2). This can be attributed to the 
distinction that Flickr, unlike most other SNSs, does not wipe the Exchangeable Image 
File (EXIF) data attached to photographs which contain useful information such as 
where and when the photograph was taken. Flickr also supports an easily accessible 
Application Programming Interface (API), which allows developers to write programs 
that can then be used by researchers to retrieve relevant photograph metadata. 
Traditionally, Flickr has been more targeted towards photographers uploading high 
resolution pictures taken with professional cameras (Hausmann et al., 2017a). In 2012, 
however, Flickr responded to growing competition in the field of image-sharing 
platforms, particularly from Instagram, by developing a new and updated Flickr 
application for iOS and Android mobile devices (Kanalley, 2012). The application 
includes the ability to edit, add filters, leave comments and attach a geo-location either 
manually or based on an external GPS device (such as the inbuilt GPS in most 
smartphones). Flickr also supports the ability to tag photos with keywords or hashtags 
allowing for simple and effective searching of content. This development of Flickr 
over time is reflective of the changing nature of photography, with smartphones being 
amongst the most common devices used in 2014 to share and capture images on Flickr 
(Dove, 2015).  
The versatility of Flickr and its range of capabilities has led to its use in multiple 
conservation research projects (Araujo et al., 2016; Barve, 2014; Davies et al., 2012; 
Kirkhope & Williams, 2010; Stafford et al., 2010; Zhang et al., 2012). Barve (2014) 
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provided a proof of concept assessment for the use of Flickr in collecting primary 
biodiversity data. He described Flickr as a suitable SNS to document species 
occurrence in time and space as the platform hosts a large number of users sharing 
images of wildlife and associated metadata. Stafford et al. (2010) also explored the 
citizen science potential of Flickr to study bee distribution across the United Kingdom. 
This BeeID project, as it was named, was setup as a special interest group on Flickr in 
order to keep the project focused within the framework of a SNS. In respect to this 
pilot study, these earlier studies confirmed that Flickr was equipped with the necessary 
features to support the upload of accurately geotagged photographs of elephant 
sightings along the Lower Kinabatangan River. It was therefore decided that Flickr 
would be the most suitable platform for exploring this aspect of the investigation. 
During the early planning stages for this project, a similar approach to that used in the 
BeeID project (Kirkhope & Williams, 2010; Stafford et al., 2010) involving a 
specialised and dedicated group was explored. It was eventually decided, however, 
that in order to maximise involvement and ease of use for participants, it would be 
more appropriate to track posts using a unique hashtag. The steps involved in this 
process are discussed in greater detail in Chapter 6 of this thesis.  
3.2 Instagram 
Instagram allows users to capture and share instant, real-time experiences through a 
mobile application (Di Minin et al., 2015). The platform is image-based and primarily 
used for sharing self-generated content (Di Minin et al., 2015), as opposed to sites 
such as Twitter and Facebook, which can often be used to pass on content and links 
provided by other users, public figures or businesses. Instagram has been used in a 
number of studies on nature tourism, from visitor monitoring in parks (Heikinheimo 
et al., 2017; Tenkanen et al., 2017) to understanding tourist preferences for nature-
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based experiences (Hausmann et al., 2017a). The decision was made to use Instagram 
to supplement data collection for this study as the application is high in popularity 
(Table 3), allows for organised filtering of content using hashtags and typically puts 
more emphasis on captions and the discussion around images than Flickr does. 
Instagram was therefore an appropriate platform for the photovoice analysis segment 
of this research (discussed in section 6.1). The geotagging feature on Instagram allows 
users to manually add a location, landmark or public place to posts, but, as Instagram 
removes all EXIF data from photos uploaded to the service (Mueller, 2013), it is not 
possible to pinpoint the exact location of where a photo was taken using metadata. For 
that reason, it was decided to use a combination of Flickr and Instagram to address the 
research objectives of this thesis. 
3.3 Facebook 
Given its high popularity (Di Minin et al., 2015; Sensis, 2017) and inclusion of 
photograph/video sharing services, Facebook was initially considered as a platform 
for data collection in this investigation. As revealed in the systematic literature review, 
there are citizen science based studies that have utilized Facebook in the collection of 
photos for research on wildlife (Araujo et al., 2016; Stafford et al., 2010). In the 
Stafford et al. (2010) approach, however, Facebook is only used to assist with online 
promotion of the research project and not for the actual upload and collection of 
photographic data. This was because, although the website does support photograph 
uploading, it removes much of the useful EXIF information during this process for 
privacy reasons (Stafford et al., 2010). Additionally, as Facebook is not solely an 
image-sharing platform, it can be difficult to filter through the many text-based posts 
in order to access photographs. Therefore the decision was made to exclude this 
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platform as a data source and to focus on Instagram and Flickr as the two image-based 
SNSs for the investigation.  
4.0 Research Site 
The nature of this emerging research approach is distinct in that the same methods and 
techniques can be applied to a broad spectrum of ecotourism destinations and 
experiences. This is achieved by using tourist-generated photographs uploaded to 
online image-sharing platforms, which can be accessed from any internet connected 
location at any time. This frees up both time and resources in respect to site-based 
fieldwork and also allows for on-going data collection. The chosen destination for this 
pilot study was the Lower Kinabatangan River region of Sabah, Malaysia. Being a 
premier ecotourism destination and one of the foremost wildlife viewing locations in 
South-East Asia (Newsome et al., 2017a; Newsome et al., 2017b), the Lower 
Kinabatangan River provided an excellent site to investigate tourist experiences with 
rare and endangered wildlife.  
4.1 The Lower Kinabatangan Region 
The Lower Kinabatangan region is located on the Kinabatangan River in South-
Eastern Sabah, Malaysia. This region is dominated by a river system that flows 560 
kilometres eastwards towards the Sulu Sea, with the catchment covering 
approximately 23% of the total land area of Sabah (Loong, 2014). The Lower 
Kinabatangan is one of the largest alluvial floodplains in Malaysia (Fletcher, 2009) 
comprising a matrix of fragmented forest ecosystem habitats including riverine and 
limestone hill forest formations, freshwater swamps, mangroves, oxbow lakes and 
dryland Dipterocarp forests (Fletcher, 2009; Newsome et al., 2017a; Tuuga, 2010). 
The dominant land-use matrix outside of these forest fragments includes extensive oil 
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palm plantations, processing mills, roads, human settlements and small food-crop 
farms (Ancrenaz et al., 2014). At present, only 4% of the Kinabatangan River 
catchment comprises natural forest of which 60-70% is protected through the 
establishment of forest reserves and wildlife sanctuaries such as the Kinabatangan 
Wildlife Sanctuary (KWS) (Ancrenaz et al., 2014; Newsome et al., 2017a).  
The KWS was created in 2005 by the Sabah State Government under the Wildlife 
Conservation Enactment (Fletcher, 2009; Tuuga, 2010). The sanctuary is 
approximately 29,000 hectares in size (Newsome et al., 2017a) and consists of blocks 
of land linking pockets of forest reserves with mangrove forests near the coast to 
provide a habitat corridor through the lower portion of the river (Fletcher, 2009; 
Hutton, 2004). Protected areas found closer to the headwaters of the Kinabatangan 
River, however, are significantly smaller and more sparse than those located further 
downstream (Bruford et al., 2010; Newsome et al., 2017a). Although these reserves 
play a critical role in maintaining wildlife habitats and ecosystem processes along the 
Kinabatangan River, they exist within a severely fragmented landscape that is 
dominated by oil palm plantations and logged forested areas (Ancrenaz et al., 2014; 
Bruford et al., 2010; Fletcher, 2009), which pose an on-going threat to the ecological 
values of the KWS (Newsome et al., 2017a). 
4.2 Significance of Research Site 
Despite high levels of habitat degradation and fragmentation, the Lower Kinabatangan 
floodplain remains as one of the most important wetland ecosystems in Malaysia for 
biodiversity (Bruford et al., 2010; Newsome et al., 2017b). By encompassing a range 
of wildlife habitats (and variation within those habitats), the KWS supports a very high 
level of biological diversity (Myers et al., 2000). The sanctuary contains over 250 
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species of birds, 90 species of mammals, 90 species of freshwater fish, 20 reptiles and 
15 amphibians (Hutton, 2004; Tuuga, 2010). It is also one of only two sites in the 
world (the other being Danum Valley - also located in Sabah) where ten species of 
primates occur together, with four of these being endemic to Borneo (Fletcher, 2009; 
Hutton, 2004; Newsome et al., 2017a). Iconic and rare wildlife, such as the endangered 
Borneo Pygmy Elephant, also inhabit and migrate through the forests of the sanctuary 
providing a significant drawcard for tourists to the region (Newsome et al., 2017a).  
Being a world premier ecotourism destination (Newsome et al., 2017b), tourism in the 
Lower Kinabatangan has become a highly significant socioeconomic value to the 
region (Newsome et al., 2017a).  The Sabah Tourism Masterplan (1996) identified the 
Sandakan - Kinabatangan region for tourism development, describing the 
Kinabatangan as “top quality wildlife viewing under threat from surrounding 
development” (Sabah Ministry of Tourism and Environmental Development, 1996, p. 
181). The promotion of the Lower Kinabatangan for nature-based tourism activities 
has attracted long haul tourist markets, such as those sourced in Europe and North 
America, to the region (Chan & Yeoh, 2001; Newsome et al., 2017a) with estimated 
tourist arrivals at around 17,000 in 2015 (Newsome et al., 2017a). Wildlife tourism 
experiences are facilitated through the numerous ecolodges found along the river, 
often providing their own knowledgeable and experienced tour guides, many of whom 
are local to the area. Riverboat cruises are the primary ecotourism activity, which 
provide a unique and alternative way of viewing wildlife under natural conditions 
(Chan & Baum, 2007b; Newsome et al., 2017a).  
The tourism industry is directly dependent on the Kinabatangan River and the wildlife 
it supports making it a primary conservation focus. In response, the Kinabatangan-
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Corridor of Life Tourism Operators Association (KiTA) was established as an 
advocacy group for sustainable tourism, comprising of local tour operators and WWF 
Malaysia (KiTA, 2005). KiTA’s mission is to “promote and implement a globally 
recognized sustainable tourism industry” through good environmental management 
practices, providing opportunities to local people/ businesses and preserving a balance 
whereby agriculture, people and nature can co-exist (KiTA, 2005; Newsome et al., 
2017a). To ensure the on-going sustainability of the Lower Kinabatangan as an 
ecotourism destination it is essential that further environmental degradation is 
prevented through proper law enforcement and effective government planning 
(Newsome et al., 2017b; Simpson & Newsome, 2016). Unless wildlife conservation 
is made priority, the foundation of nature-based tourism in this region will continue to 
be threatened by surrounding agriculture and development.    
4.3 Sukau Rainforest Lodge 
Base camp for the fieldwork segment of this research was Sukau Rainforest Lodge 
(SRL) (Figure 14), an ecolodge located on the banks of the Kinabatangan River in 
Kampung Sukau approximately 70 km upstream from the coastal city of Sandakan 
(Fletcher, 2009). The lodge has been designed and built based on the principles of 
ecotourism and embraces conservation, community development and sustainable 
tourism as part of its green policies (Sukau Rainforest Lodge, 2018). The lodge’s 
commitment to conservation and green operations contributed to its accreditation as 
one of the National Geographic Unique Lodges of the World. In addition, SRL 
operates in collaboration with the non-profit organisation Borneo Ecotourism 
Solutions & Technology (BEST) Society to help implement innovative community 
and environmental projects. Altogether, such initiatives and developments make for 
SRL being an excellent site to launch this pilot project involving tourists, guides and 
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lodge staff in a unique citizen science approach to researching encounters with the 
endangered Borneo Pygmy Elephants.  
 
Figure 14: Sukau Rainforest Lodge.  
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5.0 The Borneo Pygmy Elephant 
5.1 Selection as Target Species 
The Borneo Pygmy Elephant (Elephas maximus borneensis) was chosen as the target 
species for this study for a number of reasons. In respect to conservation status, the 
Borneo Pygmy Elephant is increasingly recognized as a sub-species of the Asian 
elephant (Elephas maximus) (Fernando et al., 2003; Sharma et al., 2018), which has 
been listed as an endangered species on the International Union for Conservation of 
Nature Global Red List since 1986 (Choudhury et al., 2008). Furthermore, research 
on these elephants has primarily been limited to the past 15 years with the first satellite 
tracking efforts undertaken by WWF in 2003 (Alfred et al., 2007). Consequently, there 
still remains a degree of uncertainty about the elephants’ population size and 
distribution through eastern Sabah and despite their high conservation priority 
(Fernando et al., 2003), the WWF claims that Borneo’s elephants remain the “least-
understood elephants in the world” (World Wildlife Fund, 2018). Whilst, the extent 
and duration of this study is limited in its ability to comprehensively address such 
questions, it remains a long-term objective that this project guides the establishment 
of a citizen science program that involves the public in research that is valid and useful 
in conserving these elephants.  
The Borneo Pygmy Elephant is one of the “Borneo Big 5”, a phrase which is used by 
tour operators in the promotion and marketing of their wildlife viewing tour packages. 
The pygmy elephant is one of the top five most iconic wild species found in Borneo, 
with the remaining four being the orangutan, proboscis monkey, rhinoceros hornbill 
and saltwater crocodile. Being a keystone species for both the long term sustainability 
of the Bornean rainforest ecosystem (Granados et al., 2017), and also the Sabah 
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tourism industry further justifies the selection of the Borneo Pygmy Elephant as the 
focus of this study. Newsome et al. (2017a) revealed that visitors to the Lower 
Kinabatangan River region had a strong desire to see the wild elephants, however they 
were ultimately not satisfied with this aspect of their visit. In order to support the 
development of sustainable elephant-viewing based tourism and improve visitor 
satisfaction, it is important to understand where the elephants are being sighted and 
what tourist perceptions and responses are in regard to this experience.  
Previous studies have reported on the difficulty of visually tracking pygmy elephants 
through the dense forests of Sabah (Alfred et al., 2007; Alfred et al., 2012) particularly 
when tracking smaller individual groups and lone adult males. Whilst satellite 
collaring can provide an effective and accurate method for tracking the elephants, it is 
not without limitations. The process of tranquilizing and fitting collars to the elephants 
can be invasive and there have been reports of collars failing, not sending reliable data 
and/or falling off the elephants (Alfred et al., 2007). A non-invasive and cost effective 
alternative to supplement this research could be the development of a photo-
identification library that uses pattern recognition to identify individuals and trace 
their movements. Ardovini et al. (2008) employed such an approach using wild 
African elephants by developing a reference system based on shape comparisons of 
the nicks characterizing elephants’ ears. This proposed method is said to be capable 
of dealing with lower resolution images taken in the wild, implying that the quality of 
photographs taken by tourists during riverboat tours using modern smartphone 
cameras should provide sufficient detail for this method (providing that the 
photograph is taken from a suitable distance to the elephant and clearly shows the ear 
outline). There is, evidently, significant potential for future research that utilises this 
photographic identification approach to identify and answer questions about the 
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Borneo Pygmy Elephant, particularly in respect to population sizes, interactions and 
movement patterns.  
5.2 Current Research 
The distribution of the elephants is restricted to approximately 5% of the island of 
Borneo, predominantly inhabiting the north-eastern Malaysian state of Sabah 
(Goossens et al., 2016). The most recent population estimate for the elephants in Sabah 
was carried out by Alfred et al. (2010) using a systematic line transect survey and a 
long-term monitoring of dung decay rates. This survey indicated that 2040 (95% CI: 
1184 - 3652) elephants remain in the five main elephant managed ranges in Sabah 
(Figure 15). These ranges include the Lower Kinabatangan (~400km²), North 
Kinabatangan (~1400km²), Central Sabah (~7900km²), Tabin (1200km²) and Ulu 
Kalumpang (~510km²). The presence of elephants in North Kalimantan, Indonesia 
occurs as part of the range in Central Sabah, with the number of individuals in 
Kalimantan estimated to be less than 20 (Alfred et al., 2011). The focus site for this 
study, the Lower Kinabatangan Range, is estimated to contain 298 (CI: 95% 152-581) 
elephants. This particular range is isolated from the North Kinabatangan Range and 
from the Central Sabah Range by plantations and by a public highway (Sabah Wildlife 
Department, 2011). Given that these estimates are considerably broad and increasingly 
more dated, there is a recognizable need for further research to improve and update 
our understanding of the population size and distribution of these elephants in Sabah.   
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Figure 15: Managed elephant ranges in Sabah, Malaysia (excluding Ulu Kalumpang) (Estes et al., 
2012). 
The major threats facing the Borneo Pygmy Elephant primarily include habitat loss 
and the fragmentation of continuous forest (Estes et al., 2012; Goossens et al., 2016; 
Sabah Wildlife Department, 2011). Habitat loss in the Lower Kinabatangan has 
occurred through conversion of existing forests to agriculture and human settlement 
(Estes et al., 2012). In respect to habitat, the elephants show preference for low-lying 
areas, avoiding steep-slopes and mountainous terrain which hinder movement (Alfred 
et al., 2011). Forested areas close to rivers, allowing for plenty of food and shelter to 
retreat into during the heat of the day, are features that have also been identified as 
synonymous with elephant habitat (Alfred et al., 2011). In the last 50 years, an 
estimated 80% of the Lower Kinabatangan floodplain forest has been converted for 
agriculture and settlement (Estes et al., 2012; Goossens et al., 2016). An insight into 
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the level of deforestation across the island of Borneo is provided in Figure 16, and 
whilst not all of the original intact forests would have provided usable elephant habitat, 
this figure nevertheless highlights the immense impact the plantation industry has had 
on the island’s landscape overall. The lack of connectivity between elephant ranges 
and subsequent increases in elephant densities has also contributed to Human-
Elephant Conflict (HEC). As local people and elephants continue to compete for space 
and resources, there are costs to both sides in the form of economic losses from crop 
raiding and damage to infrastructure with resulting retaliative actions towards the 
elephants sometimes causing serious injury or death (Othman et al., 2013). Whilst, 
historically, poaching has not posed a serious threat to the elephants (Sabah Wildlife 
Department, 2011), reports of illegal killing (shooting and poisoning) do occur, 
typically as a result of the elephants entering oil palm plantations. In Sabah, the 
elephants are listed as a “Totally Protected Species” under the Sabah Wildlife 
Conservation Enactment 1997 (Othman et al., 2013). Any person found guilty of 
killing or hunting an elephant will receive a fine of RM 50,000 and/or up to a five year 
jail sentence (Sabah Wildlife Department, 2011).  
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Figure 16: Deforestation in Borneo since 1973 (Gaveau, 2017). 
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6.0 Methods 
To explore the use of SNSs in understanding both wildlife and social based elements 
of a wildlife tourism experience it was necessary to divide the study into these two 
separate applications. The framework of the study is illustrated in Figure 17, 
comparing the different SNSs used, the type of data collected and the over-arching 
objective of each. The following sections will discuss the methods employed within a 
wildlife and social research context, respectively. Ethics approvals were obtained from 
the Murdoch University Human Research Ethics Committee (2017/161) to extract 
publically available photographs and captions shared on Instagram and from Murdoch 
University Animal Ethics Committee (O2961/17) to study the location of elephant 
sightings along the Lower Kinabatangan River using geotagged photographs uploaded 
by tourists to Flickr.  
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Figure 17: Logical framework of study outlining the wildlife-centred research (green) and social-centred research (blue) applications of the study. 
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6.1 Wildlife research application  
A key focus of this research is to explore the application of tourist photography to 
study a wildlife tourism experience using crowdsourced data from SNSs.  Following 
on from this, the aim is to provide a case study that would demonstrate proof of 
concept for the use of publicly shared geotagged photographs as a spatial and temporal 
data source. To demonstrate this, the following three objectives are addressed: 
I. Map elephant sightings along the Lower Kinabatangan River using geotagged 
photographs uploaded to Flickr.  
II. Investigate the landscape matrix in the vicinity of where elephants are sighted 
along the Lower Kinabatangan River.  
III. Discuss the feasibility of extending the technique of using geotagged tourist 
photographs shared online to supplement the long-term monitoring of Borneo 
Pygmy Elephants.   
In setting out to achieve these objectives, the study required a combination of both 
site-based fieldwork at SRL in the Lower Kinabatangan and online data collection and 
analysis in Perth, Western Australia.  
6.1.1 Borneo Based Fieldwork 
This pilot study comprised a translational research collaboration with industry partners 
Borneo Eco Tours (BET), SRL, BEST Society and Murdoch University’s MOU 
research partners at the University of Malaysia Sabah. BET is a tour operator 
providing services across the island of Borneo since 1991 (Borneo Eco Tours, 2018), 
and is also the sister company of SRL. BEST Society is the not for profit organisation 
set up by BET and SRL to address local environmental and community issues through 
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innovative projects. To successfully explore the on-ground implications of 
coordinating this citizen science pilot study, it was necessary to design and create 
appropriate marketing materials to engage tourists and promote their involvement in 
the project. Part of the fieldwork phase involved spending two weeks with the BET 
marketing department to create informational posters (Figure 18) and brochures 
(Appendix A) to be provided to guests staying at SRL. The project was also promoted 
through social media via the BET and SRL accounts on Facebook and Instagram. This 
was effective in generating more public interest and allowing travellers to hear about 
the project online before their arrival.  
Transferring to SRL, lodge staff and tour guides were engaged in a series of 
presentations and discussions to address the logistics of running this pilot project along 
with explanations as to why such research was important and valuable for tourism 
operators in the Kinabatangan. During these sessions, there was discussion about how 
to optimise the education and inclusion of guests in the project. Upon arrival at the 
lodge, guests would receive a welcome briefing including details about their stay and 
scheduled activities. During this briefing, guests were provided with a short overview 
about the research project and how to become involved. Informational brochures 
highlighting key details (Appendix A) would also be handed out at this time. 
Participation required guests to switch on location services, when using their 
smartphone or GPS enabled camera device, and if they did encounter and photograph 
elephants, to upload those images to Flickr. Step by step guides on how to do this 
(Appendix B) were provided throughout the lodge and could be emailed on request. 
This enabled guests to upload their photographs at a later date, and potentially, through 
use of a more stable internet connection.  
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Figure 18: Project poster on display at Sukau Rainforest Lodge. 
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The process of tracking photos was made possible through the use of a unique hashtag 
created for the project. Guests were asked to include #picmeelephant in their posts to 
Flickr, so that it was possible to quickly access and compile posts into a growing 
dataset. Previous citizen science projects using Flickr have used a dedicated group to 
compile photographs on a relevant target species (Kirkhope &Williams, 2010; 
Stafford et al., 2010). However, this process requires people to not only sign up to 
Flickr, but to search and locate the group on Flickr, request to join it and then add their 
already uploaded photo to that group. This process therefore required more steps than 
simply including a specific and trackable hashtag. Keeping the process as straight 
forward as possible by using the hashtag tracking approach was essential for avoiding 
confusion, maximising participation over a short period of time and engaging a wider 
audience, including those that may be less confident with technology.   
Another factor was the reliance of the project on internet connection. Almost all 
smartphones today and some modern DSLR cameras feature a built in GPS receiver 
that draws location data from satellites around the globe (Gupta, 2018). This is critical 
as it means that as tourists are taking photos (with location service switched on) during 
tours on the Kinabatangan (where internet connection is not guaranteed) the photos 
will retain the location information from where the photo was taken in the image EXIF. 
Once uploaded to Flickr (a process which does require access to mobile data or Wi-
Fi) the geotag reference will be for the location of where the photo was taken and not 
for where it was uploaded from. This means that even if images are uploaded weeks 
later, the coordinates are fixed to the location of where the image was taken. 
Consequently, guests could upload geotagged photos for the project even after 
returning home from their holiday.  
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6.1.2 Online Data Collection and Analysis in Australia 
Location information was extracted from the geotagged photographs using the 
“flickr.photos.getInfo” application made publically available through the Flickr App 
Garden. This application was created using the open API in Flickr which allows users 
and developers to write their own programs to present public Flickr data.  The latitude 
and longitude coordinates for each geotagged photograph were plotted onto a map 
using the Google My Maps service. Photographs were grouped as a single sighting if 
they took place on the same day, during the same riverboat trip and within 100 metres 
of each other. BET offer several different riverboat tours throughout the day, including 
the Morning Cruise, Afternoon Cruise and the Elephant Search, which was offered as 
an optional add-on tour. Using time, date and location information, it was possible to 
determine the type of tour upon which elephants were encountered. Arrival and 
departure trips to and from Sandakan were also included in this analysis as they 
provided additional opportunities for wildlife viewing.  
After mapping sightings on Google My Maps it was possible to view and interpret the 
landscape matrix (Newsome et al., 2013) in which elephants were being encountered. 
When displayed on satellite view, agricultural areas could be identified as distinct 
patches consisting primarily of oil palm monoculture. This was also confirmed during 
the two and a half months of on-ground fieldwork in Sukau and experiencing firsthand 
the clear distinction between primary/secondary rainforests and oil palm trees. The 
distance from each sighting to the nearest oil palm plantation was measured to the 
nearest 10 m using the “measure distances and areas” tool provided in Google Maps. 
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6.2 Social research application  
Understanding tourist experiences and responses to encountering wild Borneo Pygmy 
Elephants along the Lower Kinabatangan River was another principle objective of this 
research. A modified application of the photovoice methodology (Yi-Frazier et al., 
2015) using photographs and associated text extracted from the social media platform, 
Instagram (https://www.instagram.com/) was adopted to explore this aspect. Further, 
the feasibility of applying this adaptation of the social science validated photovoice 
method in regards to nature tourism research is investigated. This modified photovoice 
approach is both reflective of the evolving nature of photography and online 
discussion (Zeglin & Mitchell, 2014) and of the engagement of tourists with social 
media and the sharing of travel photographs (Memon et al., 2014).  As discussed in 
Chapter 2, photovoice is an evolution of the photo-elicitation research technique, with 
the shared objective of evoking deeper insight on an experience than through words 
alone (Harper, 2002; Miller et al., 2016; Tonge et al., 2013; Wang & Burris, 1997). 
To the best of available knowledge, this is the first study to apply an adaption of the 
photovoice method to wildlife tourism using tourist-generated content sourced from 
SNSs.   
It was originally thought that Flickr would act as the designated SNS for both the 
wildlife and social aspects of this research. It was quickly revealed that Flickr, 
however, is primarily used by individuals to upload and store photographs, but not so 
much as a forum for discussion around these images. For this reason, the method was 
altered to use Instagram to capture data for the photovoice analysis of tourist 
photograph captions. Datasets were developed from photographs already taken by 
individuals and posted on Instagram along with the hashtag #pygmyelephant, 
#borneoelephant or #borneopygmyelephant. All posts to Instagram between 1/1/2017 
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and 31/12/2017 that contained one of these hashtags were included in the analysis 
providing that, to the best of judgement, the photographs featured Borneo Pygmy 
Elephants in the wild. To ensure the dataset remained geographically focused, only 
posts featuring a geotag or referencing the Kinabatangan region were included. This 
excluded photographs taken of elephants in other Sabah based ecotourism destinations 
such as the Danum Valley or Tabin Wildlife Reserve. The analysis involved both 
quantitative and qualitative elements. The quantitative methods included a text 
frequency analysis of all captions in the data set, which would then aid in the detection 
of emerging themes. Qualitatively identified themes were then explored further using 
direct quotations from those posting about their experience to Instagram.   
6.2.1 Word frequency analysis 
A dataset of 163 captions was manually extracted from Instagram and captured in a 
Microsoft Excel spreadsheet. A project-specific algorithm was developed to generate 
frequency statistics for English words. This approach was based on a method used by 
Cong et al. (2014), in their analysis of a wildlife tourism experience using reviews 
posted to TripAdvisor. To achieve the most interpretable and reflective results from 
this text-mining analysis, the following protocols were applied. Words were excluded 
if they did not contribute to the meaningful interpretation of the content. This 
exclusion included linking words and terms such as ‘the’, ‘of’, ‘to’, ‘and’, ‘you’, ‘is’ 
amongst others. Words were manually grouped to resolve inconsistencies caused by 
singular and plural nouns, different tenses for verbs and misspelling of keywords. For 
reasons of practicality, classification was limited to the 200 most frequently used 
words, at which point the word frequency had reduced to three and these words 
appeared in less than 2% of the captions.  Efforts were made to ensure that words were 
only grouped as necessary, so as to avoid bias arising from over classification. Names 
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and phrases which contained multiple words (e.g. palm oil, Kinabatangan River) were 
compounded into a single word prior to conducting the text frequency counting 
algorithm to avoid separate counting. 
6.2.2 Thematic analysis 
Braun and Clarke (2006, p. 79) define thematic analysis as a “method for identifying, 
analysing and reporting patterns (themes) within data. It minimally organizes and 
describes your data set in (rich) detail”. Using the results of the word frequency 
analysis in combination with manual interpretation of the captions, it was possible to 
detect emerging themes. The number of captions in which each of the identified 
themes was discussed, was then recorded as a frequency score. Supplementary to the 
manual process of checking for themes, themes were also detected based on the 
prevalence of associated keywords across the dataset as identified by a Visual Basic 
script. The purpose for running this alternative, automated process of theme detection 
was to assess the feasibility of its application in future studies using larger datasets, 
whereby manual reading and checking for themes would not be practical. The script 
identified themes by searching each caption for predetermined and representative 
keywords relating to themes. For each caption, the script would return a Boolean (true 
or false) value per theme to avoid separate counting in cases where a caption mentions 
keywords of a particular theme more than once. As highlighted in Braun and Clarke 
(2006), however, rigid rules and processes are not always effective in revealing the 
truest interpretation of content and underlying meanings. For this reason, the results 
reported in the following section are based on the findings of the formerly described 
manual theme identification process.  
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7.0 Results 
7.1 Wildlife research application  
This section reports on the findings of the pilot citizen science based project 
established and implemented at SRL. Primarily, the following sections explore 
locational, temporal and landscape factors in respect to where elephants were sighted 
by tourists along the Lower Kinabatangan River using geotagged photographs 
uploaded to Flickr.  
7.1.1  Project involvement at Sukau Rainforest Lodge 
The project was launched at SRL in August 2017 and promoted to both guests and 
staff as a citizen science program to explore spatial and temporal information relating 
to the elephants, in particular where and when the animals were being seen by tourists 
on tours. Being a pilot study, testing the feasibility of this approach for wildlife 
research was essential. Over the ten week on-ground research phase of this project, a 
total of 207 photographs featuring the project-specific hashtag (#picmeelephant) were 
uploaded to Flickr (equivalent to 2.95 photographs added per day). Of these, 135 
photographs (65.2% of the 207 images) featured a geotag, and 95.6% of these 
geotagged photographs were taken using mobile smartphones. Following the on-
ground project implementation, a further 40 photographs of the elephants were 
uploaded to Flickr featuring the #picmeelephant. This brought the total dataset 
between October 2017 and December 2017 to 247 photographs from 17 individual 
contributors.  
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7.1.2  Mapping elephant sightings  
The latitude and longitude coordinates for each of the geotagged photographs on Flickr 
featuring #picmeelephant were extracted from the associated EXIF information. 
Photographs taken on the same day, during the same riverboat trip and within 100 m 
were grouped as a single sighting, resulting in a total of 22 recorded sightings over the 
duration of ten weeks. These sightings, including the relevant tour type and 
approximate times, are displayed on a satellite map in Figure 19. Of the 22 sightings, 
three were recorded during morning cruises, six during afternoon cruises and ten 
sightings were from designated elephant search tours. During the arrival trips (from 
Sandakan to Sukau) two sightings were recorded and during departure trips back to 
Sandakan, one sighting was recorded. Photographs were taken during riverboat cruises 
along approximately 100 km of the Lower Kinabatangan River from Batu Puteh to 
Abai, Sabah, Malaysia.  
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Figure 19: Elephant sightings during tours on the Lower Kinabatangan River. Coordinates sourced 
from geotagged photographs uploaded to Flickr. 
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7.1.3  Assessment of landscape matrix 
From visual inspection of the satellite image (Figure 19), it was possible to identify 
different vegetation patches occurring within two distinct landscape matrices; a 
cleared agricultural matrix and a natural forest cover matrix (Forman, 1995; Newsome 
et al., 2013). An example of the juxtaposition between the continuous natural forest 
areas and the distinct blocks of oil palm monoculture is shown in Figure 20. The 
distance of a sighting to the closest plantation was measured to the nearest 10 m. The 
average distance of an elephant sighting to the nearest oil palm plantation was found 
to be 1.25 ± 0.70 km (95% Confidence Interval). For the 22 recorded sightings, 72.7% 
were identified as being within a 1 km radius of an agricultural plantation (Figure 21).  
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Figure 20: Snapshot highlighting the overlap of elephant sightings and agricultural areas. 
 
Figure 21: Cumulative distribution of elephant proximity to agricultural plantations. This figure 
demonstrates that 72.2% of elephant sightings during tours were within 1 km of a plantation.   
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7.2 Social research application 
This section reports on the findings of both the word frequency analysis and thematic 
analysis using the captions drawn from Instagram. After first revealing the most 
commonly used words, it was then possible to detect emerging themes which were 
further illustrated using direct quotations from posts. This section also explores the 
effectiveness of the project-specific algorithm (Section 6.2.2) in automatically 
detecting themes.  
7.2.1 Word frequency analysis 
A word frequency analysis was performed to provide a general overview and feel for 
what was being said in the captions and to guide the selection of themes in the thematic 
analysis phase.  
A total of 163 captions were included in the text analysis section of this study. After 
applying exclusions and groupings as discussed in Section 6.2.1, approximately 1500 
different words were returned and the 50 most commonly used of these words drawn 
from captions are displayed in Table 4. Not surprisingly, “#pygmyelephant” (n = 456) 
returned the highest word frequency score as this was one of the key search terms used 
to retrieve captions. “#borneo” (n = 201) ranked second and “#kinabatanganriver” (n 
= 195) ranked third. The relative frequency of the terms are graphically summarised 
in Figure 22.  
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Table 4: Word frequency statistics for the 50 most commonly used words detected in the photograph 
captions. 
Rank Word Frequency 
1 #pygmyelephant 456 
2 #borneo 201 
3 #kinabatanganriver 195 
4 river 99 
5 see 87 
6 #wildlife 84 
7 #sabah 80 
8 #malaysia 74 
9 #travel 65 
10 wild 47 
11 #wildlifephotography 43 
12 #rainforest 42 
13 #nature 36 
14 #animals 32 
15 little 29 
16 lucky 24 
17 #jungle 23 
18 #wanderlust 23 
19 #sukau 21 
20 photography 19 
21 #rivercruise 19 
22 herd 18 
23 baby 17 
24 #sandakan 15 
25 beautiful 14 
 
Rank Word Frequency 
26 big 14  
27 swim 13  
28 endangered 13  
29 #natgeo 13  
30 #travelphotography 12  
31 #palmoil 12  
32 crossing 12  
33 #borneowildlife 12  
34 #conservation 12  
35 #naturephotography 11  
36 #instatravel 11  
37 #travelgram 11  
38 #backpacking 11  
39 habitat 11  
40 #sukaurainforestlodge 11  
41 rare 11  
42 #passionpassport 11  
43 #naturelovers 11  
44 boat 10  
45 explore 10  
46 #adventure 10  
47 world 10  
48 incredible 10  
49 amazing 10  
50 #wildanimals 10  
 
 
 
Figure 22: Word cloud providing visual representation of the 50 most commonly used words. 
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7.2.2 Thematic analysis 
The key words from the text frequency analysis (Table 4 and Figure 22) were 
categorised into eight overarching themes shown in Table 5. Of the themes raised in 
the analysed captions, features relating to Setting (n= 158, 96.9 ± 2.6%) were most 
discussed followed by comments relating to Wildness (n=116, 71.2 ±7.0%). The 
discussion of Elephant Attributes (n=88, 54.0 ± 7.7%) then ranked third followed by 
reference to Appreciation of Experience (n=65, 39.9 ±7.5 %). The overarching themes 
of Setting and Elephant Attributes were further divided into sub-themes (Table 5) to 
achieve deeper insight into two otherwise quite general categories. Manually reading 
and checking through the captions confirmed that theoretical saturation (Morse, 2004; 
Tonge et al., 2013) had been reached, as no new concepts were being raised that 
weren’t already captured by these eight overarching themes.  
Table 5: Results of the manual theme analysis.  
Theme Sub-theme Frequency Percentage (%) 
Setting  158 96.9%  
Location 158 96.9% 
 
Landscape 97 59.5% 
Wildness - 116 71.2% 
Elephant Attributes  88 54.0%  
Description 55 33.7% 
 
Behaviour 47 28.8% 
 
Abundance 42 25.8% 
Appreciation of 
Experience 
- 65 39.9% 
Travel - 60 36.8% 
Photography - 59 36.2% 
Conservation - 55 33.7% 
Other Wildlife - 18 11.0% 
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A comparison of the themes and sub-themes (total of eleven including sub-themes) 
are displayed in Figure 23. From visual interpretation of the confidence intervals 
(Cumming et al., 2007), Location was significantly greater than all other themes. 
Wildness and Landscape were the next most significant themes raised by tourists. The 
occurrence of all other themes and sub-themes were statistically similar, and appeared 
in approximately three out of every ten captions. The discussion of Other Wildlife was 
significantly less than all other themes in this analysis, which was unsurprising given 
the focus of the dataset towards elephants. 
 
Figure 23: Frequency of theme presence across captions as identified in the manual theme analysis. 
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The keywords used by the automated script to detect prevalent themes are shown in 
Table 6. These keywords were chosen based on selective judgement about which 
words would most accurately represent themes, a process that was guided by 
interpreting the word frequency list in Table 4. Some words from Table 4, however, 
could not be included for use in theme identification, as they were too general to 
associate to a specific theme (e.g. “#nature”, “#animals”, “explore” and “world”). 
More general words such as these would require interpretation within the context of a 
sentence in order to determine their association to a theme and could therefore not be 
used as standalone representative words in this analysis. Manually cross-checking the 
expression of these themes to validate the automated script determined that the script 
was effective in identifying themes (93.2 ±3.9%). Further, the automated script 
detection of the theme Location was most effective, with this being correctly identified 
in 99.0 ±1.5% of captions. The lowest accuracy score was for the theme of 
Appreciation of Experience, with this being correctly recognized in 84.1 ±5.6% of 
cases.  
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Table 6: Effectiveness of automated script in the theme identification.  
Theme Representative keywords used in automated script Correctly 
identified by 
script 
Location 
#borneo, #kinabatanganriver, #sukau, #asia, #sabah, #sandakan, #malaysia, #sukaurainforestlodge, 
#borneowildlife 
98.97% 
Landscape river, #jungle, #rainforest, #palmoil 94.87% 
Photography #photography, #wildlifephotography, #naturephotography, #canon, #travelphotography 92.82% 
Description of Elephants cute, little, big, ear, ears, tail, tails, mother, baby, cutie, cuties, juvenile, juveniles, male, female 89.74% 
Behaviour of Elephants dine, swim, feeding, crossing, feed 89.23% 
Abundance of Elephants herd, pair, family, lone 89.74% 
Conservation 
#conservation, endangered, protected, #palmoil, extinct, #notopalmoil, rare, deforestation, poachers, 
poaching, habitat 
92.82% 
Appreciation of Experience amazing, lucky, awesome, magnificent, luck, highlight, highlights, grateful, incredible, beautiful 84.10% 
Travel #travel, #wanderlust, #backpacking, #travelphotography, #instatravel, #travelgram, #passionpassport 97.44% 
Wildness wild, #wildlife, #wildlifephotography, wilderness, #borneowildlife, #wildanimals 97.95% 
Other Wildlife 
#proboscismonkey, proboscis, orangutan, orangutans, #orangutan, #orangutans, monkey, monkeys, bird, 
birds, crocodile, crocodiles 
97.95% 
 TOTAL 93.24% 
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7.2.3 Thematic analysis: Direct quotations  
Exemplar photographs and associated captions are shown in Figure 24 to provide 
additional context to the data collection process. These screenshots were taken directly 
from the Instagram website (written permission provided by users). To illustrate the 
responses that emerged through the modified photovoice analysis, the following 
quotations were selected to represent and provide examples for each of the theme 
categories described in the previous section. 
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Figure 24: Example photographs and captions posted to Instagram. Content provided with written 
permission by Instagram users in accordance with Murdoch University Ethics Approval (2017/161) 
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Setting 
Features relating to Setting (either Location or Landscape) were the most discussed in 
the dataset, with some reference to Setting being made in 96.9 ±2.6% of captions 
(n=158). These comments were generally descriptive in nature, providing additional 
context about where the elephants were sighted as well as the significance of this 
destination and its biodiversity: 
A mom & baby pygmy elephant feeding along the Kinabatangan River, Sabah, 
Borneo // Borneo is an incredible place, with so much beauty and biodiversity 
in both flora and fauna. Rainforests that are hundreds of millions of years old… 
(Anonymous Instagram User) 
Wildness 
The theme of Wildness arises from the concept of nature being undomesticated. The 
theme of Wildness was attributed to captions which made reference to wildlife, as 
either plants or animals, in some way. This reference to seeing and experiencing the 
wild appeared in 71.2 ±7.0% of posts (n=116). There was often specific mention made 
about the importance of observing these elephants in the wild, as opposed to captivity:   
Rare sighting of a #pygmyelephant crossing the river. 25 years of waiting to 
see one ... totally worth it to see him in the wild where he belongs 🐘! 
(Anonymous Instagram User) 
Elephant Attributes 
Elephant Attributes encompassed features relating to the description of elephants, the 
abundance of elephants during a tour and observed elephant behaviour. Once again, 
such comments are predominantly descriptive in nature and based on direct 
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observations made by tourists during elephant encounters. The discussion of elephant 
related attributes were identified in 54.0 ±7.7% of posts (n=88). 
Descriptive comments, accounting for 33.7 ±7.3% of captions (n=55), typically related 
to the size, age, sex and distinguishing features of the elephants: 
A herd of elephants including a very small baby (only a couple months old) 
appeared at a corner of the river just before we were about to end our cruise. 
(Anonymous Instagram User) 
The abundance of elephants seen during a tour was discussed in 25.8 ±6.7% of posts 
(n=42). Comments describing abundance ranged from the depiction of lone elephants 
to herds and families of varying sizes:   
Saw so much wildlife along the Kinabatangan River, with the highlight being 
a herd of about 30 Borneo Pygmy Elephants. (Anonymous Instagram User) 
Behaviours displayed by the elephants were discussed in 28.8 ±7.0% of captions 
(n=47) with these predominantly including swimming (either to cross the river or for 
“play”) and feeding: 
These giants are calm and even peaceful as they watch you from the banks of 
the river as they eat the 'elephant grass' and play in the water. (Anonymous 
Instagram User)  
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Appreciation of Experience 
Captions included reference to personal Appreciation of Experience in 39.9 ±7.5% of 
cases (n=65). This theme incorporated positive responses from tourists, describing the 
experience as a “trip highlight” or “bucket list” moment for example: 
This was truly a dream moment for me as these beloved pygmy elephants have 
been on my bucket list for some time, and the magic of sitting and watching 
them contented in their natural habitat is not something I will forget. 
(Anonymous Instagram User)  
Travel 
Discussion of Travel related elements appeared in 36.8 ±7.4% of captions (n=60). The 
theme of Travel incorporated references to tourists’ desire for travel and identification 
as travellers. It was also broad in encompassing other elements of a journey such as 
time, type and mode of travel: 
These adorable pygmy elephants are the reason I travelled for days by planes, 
cars and boats to get to the remote heart of Borneo. (Anonymous Instagram 
User)   
Photography 
As the dataset is comprised of photograph captions, to some degree the theme of 
Photography is intrinsically present in the taking and posting of photographs to 
Instagram. However, 36.2 ±7.4% of posts (n=59) did make specific reference to 
photography elements such as type of camera used, lighting, etc. Photography was 
also expressed as a motivational element for going on a wildlife tour, with the 
inclusion of hashtags such #wildlifephotography and “#naturephotography. The 
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caption quoted below provides an example of this emphasis towards aspects of 
photography: 
 A wide habitat shot of a Borneo Pygmy Elephant enjoying the fresh grass on 
the river bank…Canon 1DX II | f/8 | 1/320 | 100-400ii + 1.4xiii| ISO 4000 | 
handheld on a boat in flowing river. It is impressive how modern cameras can 
capture photos in such low light with good image stabilization. (Anonymous 
Instagram User)  
Conservation 
Conservation related issues were raised in 33.7 ±7.3% of captions. These included 
landscape factors such as palm oil, deforestation and pollution. But of greater 
prevalence was the direct reference of the elephants being endangered and threatened. 
This was particularly highlighted in the word frequency count that ranked 
“endangered” as the 28th most commonly used word. The examples provided below 
illustrate this theme from the perspective of both deforestation as a result of 
agricultural development and pollution respectively: 
Unfortunately, one of the reasons we saw so much wildlife is because 
deforestation has occurred as close as 100m to the river, to make room for palm 
oil plantations. Not kidding, we drove for hours through plantations just to get 
here. (Anonymous Instagram User)  
Notice the plastic bottle in the jungle river though... not such a rare sight 
unfortunately. (Anonymous Instagram User)  
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Other Wildlife 
The theme Other Wildlife recorded captions that made mention of other Bornean 
wildlife providing that tourists had also posted about their elephant-viewing 
experience. This theme was detected in 11.0 ±4.8% of captions (n=18), typically 
including reference to other charismatic species in Borneo: 
…so happy that the Sandakan region is so rich in wildlife 🌿 other wildlife 
sightings: Proboscis monkeys, orangutans, crocodiles, wild boars, hornbills, 
storm stocks, eagles.  (Anonymous Instagram User). 
Overall, the analysis of these photograph captions posted by tourists to Instagram has 
provided insight into the level of attention directed towards different themes. While 
the level of inference possible on this dataset is limited (for reasons that are discussed 
in the following chapter), the quantitative analysis of words and themes combined with 
the qualitative analysis of direct quotations has identified potential aspects of this 
elephant-viewing experience that are worthy of further examination within the context 
of previous research.  
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8.0 Discussion 
8.1 Wildlife research application 
The following sections will review the findings of the citizen science based pilot 
project launched at SRL and the implications for elephant-viewing along the Lower 
Kinabatangan River. In addition, these results will be assessed in terms of the potential 
to upscale and expand this approach to supplement future population monitoring on 
the Borneo Pygmy Elephants inhabiting this range.   
8.1.1 Tourist-elephant encounters 
By crowdsourcing geotagged photographs from Flickr that featured the project 
specific hashtag, #picmeelephant, it was possible to extract information about where 
and when the elephants were being sighted on tours. Whilst the sampling period for 
this study was limited to just over ten weeks, given more time it could be possible to 
detect elephant-viewing hotspots over this stretch of the river. Being a dynamic and 
continuous data source, such information would be particularly valuable not only to 
tour operators wanting to provide this experience and optimize viewing opportunities, 
but also for informing species monitoring and protected area management (e.g. 
elephant habitat usage along the river) (Hausmann et al., 2017a). Similarly, by 
accessing time taken information stored in a photograph’s EXIF data, it would be 
possible to determine if there is a particular time of the day that elephants are most 
likely to be sighted along the riverbank. Anecdotal reports from tour guides suggest 
that the elephants are more likely to be seen during the afternoon tours.  
Over time the mapping of tourist-elephant encounters in this way could also be useful 
for investigating the seasonality of elephant sightings, i.e. dry season versus wet 
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season. A clearer understanding of this would be valuable for informing marketing 
decisions by lodge and tour operators. It may, for example, be worth de-emphasizing 
elephant sightings and marketing other species that can be viewed more reliably during 
certain times of the year in order to avoid visitor disappointment when the elephants 
are not present (Newsome et al., 2017a).  
 8.1.2 Landscape context of elephant sightings 
One of the most notable analyses in this study was the examination of the landscape 
matrix in which elephants were sighted during tours. The finding that almost 73% of 
reported elephant sightings were within 1 km of a plantation is an indication of the 
damaged landscape in which this tourism activity occurs. Human-elephant conflict, 
alongside habitat loss and fragmentation, has been identified as an increasing threat to 
the elephant populations in Sabah (Othman et al., 2013). This study provides insight 
into the increased exposure of elephants to human disturbance and changing land use 
along the Lower Kinabatangan River. Damage to crops and subsequent economic 
losses as a result of elephants entering plantation zones has led to extreme incidents 
of elephants being killed or severely injured (Othman et al., 2013; Suba et al., 2017). 
The data provided in this pilot study alone is insufficient for effectively guiding 
specific management decisions to mitigate HEC in Sabah and, as identified in previous 
studies, further collection of location specific data is required to enhance management 
(Othman et al., 2013).   
The Elephant Action Plan 2012-2016 was created with the objective of addressing 
issues associated with HEC, as well as targeting underlying threats from habitat loss 
and fragmentation, disruption to migration routes and poor genetic diversity (Sabah 
Wildlife Department, 2011).  The plan proposes site specific management actions, 
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including the institution of a “moratorium on new oil palm development within 500m 
on both side of the Kinabatangan River” (Sabah Wildlife Department, 2011, p. 19). 
Enforcement of this exclusion zone in the riparian area of the river will not only be 
critical for re-establishing habitat connectivity, but also for improving the natural 
setting in which elephants are viewed and appreciated, which is a topic that will be 
explored further in the social analysis of tourist experiences.  
These findings highlight potential concerns and questions about the long-term 
sustainability of elephant-viewing for tourism in the Lower Kinabatangan. Attention 
must be given to restoration of degraded land and improvement of wildlife corridors 
(Estes et al., 2012; Evans et al., 2018; Goossens et al., 2016). Action plans should be 
regularly revised and updated as necessary (Newsome et al., 2017a). Ecotourism and 
conservation in this region are inter-dependent (Fletcher, 2009; Newsome et al., 
2017a) and the prospect of further agricultural development will have serious 
implications on the sustainability of elephant-viewing based tourism. Efforts should 
be made to increase involvement of local people in tourism as an alternative livelihood 
option and to reduce the need for further clearing of privately owned, forested land for 
the purpose of oil palm cultivation. Such a shift towards ecotourism as a primary 
industry could thus help to ensure sustained wildlife conservation along the Lower 
Kinabatangan River (Fletcher, 2009).  
8.1.3 Feasibility for long-term species monitoring  
It was an objective of this pilot study to explore what type of information could be 
gathered from an image-sharing SNS, Flickr, and the suitability of its application to 
species monitoring. The citizen science based project established and implemented in 
this study provided proof of concept, on a small scale, for the potential to map and 
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locate wildlife using geotagged photographs shared by tourists and guides. Given that 
the Borneo based fieldwork and data collection ran for a relatively short time (ten 
weeks) and was focused to a single lodge, the amount of photographs (n = 207) 
collected in that time was relatively large and comparative to other published citizen 
science projects using Flickr. The BeeID project, which was spread across the United 
Kingdom, acquired an almost equal number of photographs (n = 206) over the same 
period (Stafford et al., 2010). Similarly, 59% of the photographs uploaded for the 
BeeID project (Stafford et al., 2010) featured geographical information compared to 
the 65% collected in this study. This comparison provides evidence to support the 
success of the brochures (Appendix A), instructional guides (Appendix B) and one-
on-one interaction with guests to educate about how to correctly upload geotagged 
photographs to Flickr. These findings illustrate the potential to upscale and expand 
this approach over time. For example, if scaled up to the period of one year, over a 
thousand photographs could be generated at the pilot study upload rate of 
approximately three photographs per day. This then leads to the question of how these 
large photographic datasets can be applied to species monitoring.   
Inspiration for the method used in this pilot study first came from the innovative use 
of photographic identification on publically sourced images of whale sharks in a mark-
recapture approach to studying population dynamics and migration routes 
(Andrzejaczek et al., 2016; Davies et al., 2012; Meekan et al., 2006; Norman et al., 
2016). Extensive monitoring of this species has been made possible through a robust 
citizen science based data-collection program (Norman et al., 2016) using photographs 
sourced from both members of the public (tourists, ecotourism operators and residents) 
and researchers (Davies et al., 2012).  The natural spot and stripe patterns present on 
the flanks of the sharks can be used to identify individuals. These natural markings 
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can then be analysed by the public domain pattern-recognition software I3S 
(Interactive Individual Identification System) to look for matches at sites and track 
movement patterns over time (Andrzejaczek et al., 2016).   
The dedicated platform, Wildbook for Whale Sharks (https://www.whaleshark.org/), 
is an online mark-recapture database that provides the basis for photograph collection 
and identification in this whale-shark research program (Norman et al., 2016). 
Wildbook for Whale Sharks database is operated by the non-profit scientific 
organisation, Wild Me (http://www.wildme.org/). Looking forward, adapting this pilot 
monitoring program on the Borneo Pygmy Elephants in the Lower Kinabatangan 
range through integration with Wildbook photo-collection and identification software 
warrants further exploration. Long-term, such collaboration may assist in improving 
the focus, validity and security of information gathered in this citizen science approach 
to monitoring the elephants. 
Like whale-sharks, elephants can also be identified through their distinguishing 
features, which in the case of elephants, are the unique nicks and notches which 
characterize their ears (Ardovini et al., 2008).  Ardovini et al. (2008) propose a semi-
automated method for wild elephant photo-identification by performing shape 
comparison of the ear nick curvature using a matching algorithm. This approach is 
said to be capable of dealing with low resolution photographs with cluttered 
backgrounds, which would be a requirement when analysing publically sourced 
photographs taken in a rainforest setting. Photo-identification also offers a non-
invasive and cost-effective alternative to satellite collaring of elephants, with the 
potential for this data to supplement and enhance the current satellite tracking research 
on the elephants’ movements in the Lower Kinabatangan range (Alfred et al., 2007; 
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Othman et al., 2013; Evans et al., 2018). In East Africa, the Southern Tanzania 
Elephant Program has established an elephant monitoring program in Ruaha National 
Park through the development of an elephant identification database to assess trends 
in elephant density, map elephant distribution and evaluate the impacts of HEC 
(Southern Tanzania Elephant Program, 2018). The program involves regular vehicle 
and aerial transects, camera trapping and citizen science contributions of sighting data, 
particularly from Ruaha tour guides. The Southern Tanzania Elephant Program, 
therefore, demonstrates the adoption of combined approaches to data collection and 
monitoring to improve understanding and optimize protection of these elephants. It is 
suggested that citizen science and the inclusion of tourists and guides in data collection 
on the pygmy elephants be further investigated for the Lower Kinabatangan 
population.  
There are, of course, inherent limitations when using crowd sourced data from SNSs 
particularly in respect to sampling bias. Not all guests who participated on the 
riverboat tours chose to take photographs and not all those who did take photographs 
uploaded them to Flickr (Walden-Schreiner et al., 2018). In this sense, geotagged 
photographs uploaded to Flickr are not entirely representative of all elephant sightings 
along the river as this approach is only capturing data from a limited number of content 
producers (Hardy et al., 2017; Stefandis et al., 2011). Furthermore, being a less popular 
social media platform (Table 3), many guests would have to first download and create 
a Flickr account in order to contribute, which posed a significant barrier to 
participation. There was also spatial bias in respect to photographs only being taken 
of elephants when they were present on the riverbank (i.e. location data not available 
for elephants inside the rainforest), and limited to where and when tours would 
operate. Concerns regarding such bias were partly ameliorated by the fact that the 
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section of river covered in this study was bordered by Lots 1-7 of the Lower 
Kinabatangan Wildlife Sanctuary (i.e. excluding Lot 8), capturing 82% of the total 
river length from the villages of Abai to Batu Puteh (Estes et al., 2012). The village of 
Abai (located 40 km from Sandakan harbor) features vast mangrove forests, restricting 
elephant movement past this point. Conversely, whilst, the Kinabatangan River does 
continue from Batu Puteh, elephant movement upstream is blocked by a major 
highway and settlement in this area (Estes et al., 2012). Increasing participation not 
only amongst guests at SRL, but with additional ecolodges located on this portion of 
the river would be beneficial in increasing sampling effort and reducing uncertainties 
identified in this pilot project. 
To overcome issues surrounding the amateur nature of contributors providing location 
information (Walden-Schreiner et al., 2018), GPS data was automatically rather than 
manually attached to images (i.e. location coordinates sourced from built in GPS 
receivers in smartphones) to improve the precision of mapped sightings. When 
possible, geotagged photographs were also displayed on a map and shown to tour 
guides at SRL to further verify the locations of sightings. Although such efforts were 
made to optimize data quality, the relatively small sample size and short sampling 
period for this project makes interpretation of results at this stage largely hypothetical 
(Daume et al., 2014). However, whilst a larger data set accumulated over an extended 
duration of time is required, the presented findings do suggest and provide proof of 
concept for the potential applications of photographs sourced from SNSs to wildlife 
monitoring within a tourism context.  
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8.2 Social research application 
A modified application of photovoice using tourist-generated photographs and 
captions was employed in this study to examine tourist responses when viewing 
Borneo Pygmy Elephants along the Lower Kinabatangan River.  The key research 
question for this aspect of the study was - providing that tourists viewed and 
photographed elephants during riverboat cruises, what did they choose to say and share 
about the experience? From a management perspective, such insight into tourist 
experiences is important in revealing both physical and cognitive elements that 
influence visitor satisfaction (Hansen, 2016; Patroni et al., 2018b). Assessing visitor 
satisfaction is necessary for delivering high quality experiences whilst also ensuring 
the long term sustainability and success of a wildlife tourism product (Newsome et al., 
2017a; O’Neill et al., 2010; Patroni et al., 2018a). Accordingly, the following 
discussion highlights the findings of this case study and provides proof of concept for 
applying the social media focused research method trialled in this study to future 
studies on wildlife tourism experiences. To do this, the following sections report and 
expand on previous research relating to key themes raised by tourists and identified in 
this study, as well as reviewing the effectiveness and feasibility of the modified 
photovoice method.  
8.2.1  Findings from thematic analysis 
Landscape level aspects 
The discussion of aspects relating to Setting, both Location and Landscape, returned 
the highest frequency value in the thematic analysis. As discussed, this is partly due 
to the descriptive nature of captions in communicating the context in which the 
photograph was taken. However, in respect to Landscape in particular, this theme has 
also been identified in previous studies on nature tourism in the Lower Kinabatangan 
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region as an aspect of value to tourists.  Adopting a “big picture” landscape 
perspective, Newsome et al. (2017a, p. 12) highlighted not only the need to uphold the 
ecological integrity of the KWS, but also the significance of the river viewscape. The 
report of Newsome and his co-authors (2017a) is consistent with the thematic analysis 
of this study that found tourists paid tribute to Borneo’s beauty and biodiversity and 
its ancient rainforests. Similarly, Chan and Baum (2007a), reported in their study on 
ecotourist perceptions to experiences in the Lower Kinabatangan that tourists 
expressed concerns about the expansion of oil palm plantations leaving “no scenery to 
enjoy” (Chan and Baum, 2007a, p. 585).  
The concept of landscape aesthetic as a biological factor in attracting tourists to 
protected areas was also explored using data mined from Instagram in a study by 
Hausmann et al. (2017b) that focused on sub-Saharan African protected areas. Those 
authors reported that the richness of charismatic species did not always explain social 
media usage (active users, posts and likes), rather other factors, including open 
vegetation, corresponded with higher social media usage. Evidently, the findings of 
this thematic analysis in combination with those of the aligned research reveal the 
potential significance of landscape and scenery aspects to tourists participating in 
wildlife-viewing cruises along the Lower Kinabatangan. This specific topic 
concerning tourist perceptions of landscape qualities (Jacobsen, 2007) warrants further 
investigation. Conserving the unique river viewscape may then also provide an 
additional argument for greater protection of the riparian vegetation and native 
rainforest that borders the river. Such measures may contribute to the overall wildlife-
viewing experience and help to ensure the long-term sustainability of the ecotourism 
industry that is so important to this region (Newsome et al., 2013; Newsome et al., 
2017a).  
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Conservation issues raised 
The theme Conservation revealed reference to aspects such as the endangered status 
of the elephants, issues surrounding deforestation and habitat loss and the effects of 
the plantation industry on the surrounding landscape. These issues were detected in 
34% of captions. Given the nature of online photo-sharing and discussion as typically 
being in a more positive light (Barry, 2014; Qui et al., 2012; Yi-Frazier et al., 2015), 
the inclusion of these more negative aspects in over a third of captions is of particular 
interest. These findings are also consistent with those of Newsome et al. (2017a), 
whereby nearly 50% of tourists responding to a survey felt that more needed to be 
done to protect the Kinabatangan River and its wildlife. The quotations drawn from 
captions provided in Section 7.2.3, regarding the visual impact of oil palm plantations 
on a tourist’s journey to the Lower Kinabatangan was best exemplified by, “we drove 
for hours through plantations just to get here”. In respect to viewing the elephants, 
statements such as, “we were lucky to see a big herd of them, although it is sad as 
these creatures have nowhere else to go” highlights the bitter-sweet nature of wildlife-
viewing along the Lower Kinabatangan River, as the clearing of forest habitat (Estes 
et al., 2012) further from the river continues to restrict wildlife to this corridor. Such 
comments also reflect the findings reported in the previous section (Section 8.1.2) 
describing landscape level issues, including the close proximity of elephant sightings 
to plantations. This pilot study therefore highlights the value of adopting a combined 
social-ecological perspective when studying wildlife tourism experiences, particularly 
when exploring complex and multi-dimensional issues.   
Perception of Elephants 
Discussion of specific features relating to the elephants were clustered into the three 
categories of physical description, behaviour, and abundance. Physical descriptions of 
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the elephants were detected in 34% of captions and included reference to size, gender, 
age and other physically distinguishing attributes. Particular attention was given to the 
uniquely small stature of the pygmy elephants, with “little” being the fifteenth most 
frequently used word found in captions.  A previous study into tourist perceptions of 
elephants in nature reserves in South Africa (Edge et al., 2017) similarly reported that 
smaller elephants may offer preferred viewing opportunities due to their distinctly 
charismatic appearance. Discussion of elephant behaviour observed during tours was 
identified in 29% of captions. One tourist described how they enjoyed watching the 
elephants “eat the 'elephant grass' and play in the water”. This importance of 
witnessing an animal’s natural active behaviours was reflected in Hacker & Miller 
(2016), which explored visitor perceptions and attitudes to viewing elephants in a 
captive setting. This study found that seeing the elephants engage in a range of 
apparently natural, species-appropriate behaviours was important to tourists and lead 
to greater intent to take conservation related actions after the experience.  
Appreciation for a viewing experience in the wild 
The Appreciation of Experience theme was detected in almost 40% of captions and 
recorded positive comments written directly in response to seeing and photographing 
the elephants. This theme, in particular, highlights the appropriateness of using a 
photovoice inspired approach when studying tourist responses to wildlife encounters. 
Curtin (2009, p. 459), reported that such connections often unlock an intangible feeling 
that is “beyond words”. The emotional responses of wonder and awe noted by Curtin 
(2009), were first revealed in the text-frequency analysis of this study performed on 
photograph captions (Table 4, Figure 22), with references to “beautiful”, “incredible” 
and “amazing” all appearing in the 50 most frequently occurring words. Seemingly, 
the theme of Wildness, which was detected in just over 70% of the captions, 
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contributed to this overall feeling of appreciation, with tourists often making direct 
mention to the importance of seeing elephants “in the wild where they belong”.  
What factors motivate and influence the sharing of content online? 
When interpreting the results of the thematic analysis, it is important to first consider 
the context of the dataset, and in particular what factors motivate people to post 
photographs and content to SNSs. Van House (2007) explored this question in an 
empirical study that identified four social uses of personal photography within a public 
online setting: (1) memory, narrative and identity, (2) relationships, (3) self-
representation and (4) self-expression. In respect to memory, narrative and identity, 
people post photographs to create a visual record of an experience and these memories 
are then important in constructing their personal story and sense of identity. People 
may also post photographs for the purpose of self-representation and self-expression, 
to present themselves in a way they wish to be seen by others or to display a unique 
perspective or aesthetic.  
These factors must be taken into account when interpreting the themes raised in the 
dataset sourced from Instagram. Of particular note, is the point that self-expression is 
more often skewed in a positive direction (Barry, 2014; Qui et al., 2012; Yi-Frazier et 
al., 2015), which may affect the extent to which tourists convey negative sentiments 
in their posts. Furthermore, in the process of using photography to record a memory 
or develop a narrative, people are more inclined to caption photographs in a descriptive 
manner (Barry, 2014). This would then contribute to the increased reference to 
contextual aspects, such as Setting.   
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8.2.2 Effectiveness of the automated thematic analysis 
A desired outcome of this pilot study was to construct a foundational framework that 
could be adopted by tourism operators and researchers in the Lower Kinabatangan 
region. Its purpose being to gain real-time information and feedback about the quality 
of the local wildlife tourism product. For this reason, it was decided to use Microsoft 
Excel, a universal, affordable and highly accessible application, to perform analyses 
on word frequency usage and the presence of themes in photograph captions uploaded 
to Instagram. The project-specific script was written in order to judge the feasibility 
(i.e. accuracy) of using an automated approach to thematic analyses. If proven to be 
an accurate alternative to manual theme identification, this automated approach could 
potentially provide tour operators and researchers with a means of more efficiently 
investigating tourist responses than through traditional methods, such as surveys and 
interviews. This, in turn, would allow for the analysis of larger datasets using 
information sourced from SNSs than could be reviewed manually by a researcher(s). 
As shown in Table 6, this pilot study revealed that the automated script was effective 
in identifying themes with 93.24% accuracy. It was most effective in identifying clear 
and easily definable themes such as Location (98.97%) and Landscape (94.87%). 
While slightly less effective in detecting more general, intangible themes, the 
automated script still provided 84.1% accuracy for the Appreciation of Experience 
theme. These findings suggest that an automated approach to thematic analysis, within 
the context of a wildlife tourism experience, is capable of providing accurate results 
when compared against a manual theme identification process.  
8.2.3 Feasibility of the modified photovoice approach 
An objective of this study was to assess the feasibility of using a SNS, in this case 
Instagram, for the crowdsourcing of tourist photographs and associated captions 
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featuring Borneo Pygmy Elephants along the Lower Kinabatangan River. In doing so, 
this would demonstrate the suitability of the modified photovoice approach for use in 
future wildlife tourism research. Adopting a photovoice inspired approach grounds 
this application of social media content within an established social science research 
methodology. Instead of providing participants with cameras, this modified approach 
analysed the discussion of photographs already taken by tourists and shared to 
Instagram. The level of detail achieved in the thematic analysis segment of this study 
and the consistency of findings with previous surveys conducted in the Lower 
Kinabatangan region (Chan & Baum, 2007a; Newsome et al., 2017a) would suggest 
that, this modified photovoice approach has promising application for future wildlife 
tourism research. A critical analysis of the advantages and disadvantages of the 
modified photovoice approach follows.   
Traditionally, sociological approaches to researching tourist experiences has involved 
surveys, interviews and focus groups, which may provide higher quality and more 
detailed information, however are often time consuming, costly and limited both 
spatially and temporally (Hausmann et al., 2017a; Heikinheimo et al., 2017; Richards 
& Friess, 2015; Tenkanen et al., 2017; Wood et al., 2013), lacking the longitudinal 
component required for effective monitoring (Newsome et al., 2013). Consistent with 
the peer-reviewed literature reported in Chapter 2, this study demonstrates the value 
of using data sourced from SNSs to support and enhance traditional conservation and 
tourism research methods (Di Minin et al., 2015; Richards & Friess, 2015), 
particularly when resources and funding are limited. Additionally, adopting a broader 
view regarding what tourists are saying online can reveal topics worthy of further 
investigation. The importance of landscape elements to the overall enjoyment of an 
elephant-viewing experience identified in this study is one such example.   
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Social media can provide a rich source of information that is both readily available 
and accessible (Di Minin et al., 2015; Hausmann et al., 2017a; Heikinheimo et al., 
2017; Willemen et al., 2015; Wood et al., 2013). The case study used in this pilot study 
was of a highly focused tourism experience concerning encounters with Borneo 
Pygmy Elephants during riverboat cruises along the Lower Kinabatangan River. 
Despite this level of specificity, it was still possible to source 163 photographs and 
captions for the period 1st January to 31st December 2017.  The use of social media 
hashtags (e.g. #pygmyelephant) as a tool for searching and tracking what people were 
posting about the elephants was effective for assembling the public posts in one place. 
However, the task of manually entering this data into Microsoft Excel was laborious, 
particularly when also filtering out irrelevant content (i.e. photographs not taken in the 
Lower Kinabatangan study site). The development of a more efficient method of 
extracting and capturing this data would be beneficial.  
Being a pilot study, the methods used were exploratory in nature and not without 
limitations. Careful consideration should be given to the generalization of findings 
based upon data sourced from Instagram and the specific demographic of its users. 
This bias in respect to user-demographic stems from the fact that not everyone uses 
social media and not everything that is experienced is shared and reported online (Di 
Minin et al., 2015). Newsome et al. (2017a) report that the most common age group 
to visit the Lower Kinabatangan was 25 to 34 year olds (36%), which is relatively 
consistent with the average age of Instagram users being between 18 to 29 years old 
(59%) and 30 to 40 years old (33%) (Aslam, 2018). As discussed in greater detail in 
Section 8.2.1, there are also inherent issues with self-disclosure online and the 
increased sharing of positive over negative emotions (Barry, 2014; Qui et al., 2012; 
Van House, 2007; Yi-Frazier et al., 2015) and this should be considered when 
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interpreting findings drawn from social media data alone. Future studies comparing 
empirical data to data concurrently sourced from SNSs are required to further validate 
this approach.   
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9.0 Future Work 
It is hoped that this pilot study stimulates further research to validate the use of social 
media content in both tourism and conservation research. The two applications 
explored in this study revealed that further work is required in different aspects to 
improve the quality and efficiency of data collection based on crowdsourcing tourist 
photographs from SNSs and the interpretation of this data within a wildlife tourism 
context. In respect to both applications, it is important for future research in this field 
to compare findings against empirical data to assess its reliability as an alternative 
research approach in ecotourism. 
Focusing on the application to wildlife research, the process of extracting relevant data 
and storing it within a Microsoft Excel spreadsheet was found to be relatively time-
consuming and labour intensive. Despite using the Flickr API service, the process of 
recording date, time and location data from individual photographs could potentially 
be made more efficient through the establishment of a dedicated platform, such as the 
likes of Wildbook, which is administrated and operated by researchers. Furthermore, 
by capturing data on a private, dedicated platform as opposed to a publically available 
social media platform, this would overcome security concerns regarding the sharing 
of species location information online (Berger-Wolf et al., 2017). Whilst the risks 
associated with uploading georeferenced photographs of the elephants in this pilot 
study were deemed to be low, going forward it would be responsible to adopt a 
cautionary approach to ensure such information is not putting species at risk. These 
considerations regarding cybersecurity should be considered by all future projects 
using social media and citizen science to collect location data on species.  
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From a social science perspective, future studies are required to investigate sources of 
bias, representation and interpretation of findings from social media produced data 
(Hausmann et al., 2017b; Di Minin et al., 2015; Keeler et al., 2015). Particular 
attention is required to assess possible bias stemming from the demographics of social 
media users (e.g. age groups, nationalities, etc.) and participation inequality as a result 
of only a limited portion of the population producing the content (Hausmann et al., 
2017b). Applying the modified photovoice approach presented in this pilot study to 
different photo-sharing SNSs other than Instagram also warrants further study to 
explore the different ways in which people share content online. As mentioned for the 
wildlife application of the study, there is again need for a more efficient data mining 
process when extracting photographs and associated text data. This will be particularly 
necessary in future studies using larger datasets to extend the reach of interpretation 
regarding tourist interactions with wildlife. 
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10.0 Conclusion  
This pilot study has explored how tourist-generated photographs sourced from the 
image sharing SNSs, Flickr and Instagram, can be applied to wildlife tourism research. 
Despite it still being early days for this emerging field of study, social media data 
shows increasing potential as a dynamic and supplementary information source. 
The findings suggest that adopting a multiple-platform approach to concurrently 
studying both wildlife and social based dimensions of wildlife tourism experiences 
shows promise for further research. The value in adopting of a broad, socio-ecological 
approach was particularly evident in this case study at a landscape level, with the close 
proximity of elephant sightings to agricultural plantations being reflected in the 
analysis of tourist photograph captions on Instagram reporting on the prevalence of oil 
palm and loss of natural forest habitat.  
Proof of concept was demonstrated for the ability to use geotagged photographs to 
map elephant sightings and interpret the landscape matrix in which these encounters 
occur along a portion of the Lower Kinabatangan River. Extending this citizen science 
based approach to supplement current monitoring efforts on the elephant population 
in the Lower Kinabatangan range also shows significant potential. To ensure the long-
term success of such a program, consideration of a dedicated platform for photograph 
collection and identification should be explored. Additionally, the on-ground presence 
of a committed individual to educate and promote a citizen science project in this way 
is important for optimising project involvement, particularly during the foundational 
stages.  
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The findings from the social research application suggest the potential for a modified 
photovoice approach to be applied to photograph captions on image-sharing SNSs to 
explore tourist values and responses to wildlife viewing experiences. Comparing the 
themes that emerged from content sourced from Instagram to previous tourism 
research in the Lower Kinabatangan region helped to assess the consistency of 
findings with those developed using traditional methods. As discussed, future studies 
are required to continue validating the use of information derived from social media 
by measuring datasets against those collected via traditional means.   
Going forward, despite recognised challenges, the availability of social media data 
provides opportunities to study people and wildlife in innovative ways. The findings 
of this pilot study suggest potential for using crowdsourced tourist photographs from 
social media to support and compliment traditionally collected data in order to inform 
management strategies, protect natural resources and enhance a wildlife tourism 
product. 
  
111 
 
11.0 References 
Alfred, R., Ahmad, A. H., Payne, J., William, C. & Ambu, L. (2010). Density and 
Population Estimation of the Bornean Elephants (Elephas maximus 
borneensis) in Sabah. OnLine Journal of Biological Sciences 10(2): 92-102. 
Alfred, R., Ahmad, A. H., Payne, J., Williams, C., Ambu, L. N., How, P. H. & 
Goossens, B. (2012). Home Range and Ranging Behaviour of Bornean 
Elephant (Elephas maximus borneensis) Females. PLoS one 7(2): 1-12. 
Alfred, R., Ambu, L., Nathan, S. K. S. S. & Goossens, B. (2011). Current Status of 
Asian Elephants in Borneo. Gajah 35: 29-35. 
Alfred, R., Williams, A. C., Vertefeuille, J., Payne, J., Andau, P., Ambu, L., Sipangkui, 
S. & Lim, A. (2007). Satellite Tracking of Borneo’s Pygmy Elephants: June 
2005 – June 2006. Kota Kinabalu, Sabah, Malaysia: WWF. 
Ancrenaz, M., Oram, F., Ambu, L., Lackman, I., Ahmad, E., Elahan, H., Kler, H., 
Abram, N. K. & Meijaard, E. (2014). Of Pongo, palms and perceptions: a 
multidisciplinary assessment of Bornean orang-utans Pongo pygmaeus in an 
oil palm context. Oryx 49(3): 465-472. 
Andrzejaczek, S., Meeuwig, J., Rowat, D., Pierce, S., Davies, T., Fisher, R. & Meekan, 
M. (2016). The ecological connectivity of whale shark aggregations in the 
Indian Ocean: a photo-identification approach. Royal Society Open Science. 
3: 160455. http://dx.doi.org/10.1098/rsos.160455 
Araujo, G., Snow, S., So, C. S., Labaja, J., Murray, R., Colucci, A. & Ponzo, A. (2016). 
Population structure, residency patterns and movements of whale sharks in 
Southern Leyte, Philippines: results from dedicated photo-ID and citizen 
science. Aquatic Conservation: Marine and Freshwater Ecosystems 27: 237-
252. 
Ardovini, A., Cinque, L. & Sangineto, E. (2008). Identifying elephant photos by multi-
curve matching. Pattern Recognition 41: 1867-1877. 
Arzoumanian, Z., Holmberg, J., Norman, B. (2005). An astronomical pattern matching 
algorithm for computer-aided identification of whale sharks Rhincodon 
typus. Journal of Applied Ecology 42: 999-1011. 
Aslam, S. (2018). Instagram by the Numbers: Stats, Demographics & Fun Facts. 
Retrieved from Omnicore Agency: 
https://www.omnicoreagency.com/instagram-statistics/ 
Barry, S. J. (2014). Using Social Media to Discover Public Values, Interests, and 
Perceptions about Cattle Grazing on Park Lands. Environmental 
Management 53(2): 454-464.  
Barve, V. (2014). Discovering and developing primary biodiversity data from social 
networking sites: a novel approach. Ecological Informatics 24: 194-199. 
Basil, M. (2011). Use of photography and video in observational research. Qualitative 
Market Research: An International Journal 14(3): 246-257. 
112 
 
Berger-Wolf, T. Y., Rubenstein, D. I., Stewart, C. V., Holmberg, J. A., Parham, J. & 
Menon, J. (2017, September). Wildbook: Crowdsourcing, computer vision, 
and data science for conservation. Paper presented at the Bloomberg Data 
for Good Exchange Conference, Chicago, IL, USA. 
Borneo Eco Tours. (2018). Borneo Eco Tours: The Borneo Specialist. Retrieved from 
https://www.borneoecotours.com/ 
Braun, V. & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative 
Research in Psychology 3: 77-101. 
Bruford, M. W., Acrenaz, M., Chikhi, L., Lackman-Acrenaz, I., Andau, M., Ambu, L. 
& Goossens, B. (2010). Projecting genetic diversity and population viability 
for the fragmented orang-utan population in the Kinabatangan floodplain, 
Sabah, Malaysia. Endangered Species Research 12: 249-261. 
Carpentier, A. S., Jean, C., Barret, M., Chassagneux, A. & Ciccione, S. (2016). 
Stability of facial scale patterns on green sea turtles Chelonia mydas over 
time: A validation for the use of a photo-identification method. Journal of 
Experimental Marine Biology and Ecology 476: 15-21. 
Chalfen, R. M. (1979). Photograph’s role in tourism: Some unexplored relationships. 
Annals of Tourism Research 6(4): 435-447. 
Chan, J. K. L., & Baum, T. (2007a). Ecotourists’ Perception of Ecotourism Experience 
in Lower Kinabatangan, Sabah, Malaysia. Journal of Sustainable Tourism 
15(5): 574-590. 
Chan, J. K. L., & Baum, T. (2007b). Motivation Factors of Ecotourists in Ecolodge 
Accommodation: The Push and Pull Factors. Asia Pacific Journal of 
Tourism Research 12(4): 349-364. 
Chan, J. K. L. & Yeoh, E. L. (2001). A Monograph –Marketing and Positioning Sabah 
as Tourist Destination. Kota Kinabalu: Special Publication for Universiti 
Malaysia Sabah Third Convocation. 
Choudhury, A., Lahiri Choudhury, D. K., Desai, A., Duckworth, J. W., Easa, P. S., 
Johnsingh, A. J. T., Fernando, P., Hedges, S., Gunawardena, M., Kurt, F., 
Karanth, U., Lister, A., Menon, V., Riddle, H., Rübel, A. & Wikramanayake, 
E. (2008). Elephas maximus. The IUCN Red List of Threatened Species 
2008. Retrieved from 
e.T7140A12828813. http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T714
0A12828813.en. 
Collier, J. (1957). Photography in Anthropology: A Report on Two Experiments. 
American Anthropologist 59: 843–859.  
Cong, L., Wu, B., Morrison, A. M., Shu, H. & Wang, M. (2014). Analysis of wildlife 
tourism experiences with endangered species: An exploratory study of 
encounters with giant pandas in Chengdu, China. Tourism Management 40: 
300-310. 
Cowling, D. (2017). Social Media Statistics Australia – November 2017. Retrieved 
from Social Media News: https://www.socialmedianews.com.au/social-
media-statistics-australia-november-2017/ 
113 
 
Cumming, G., Fidler, F. & Vaux, D. L. (2007). Error bars in experimental biology. 
Journal of Cell Biology 177(1): 7-11. 
Curtin, S. (2009). Wildlife tourism: the intangible, psychological benefits of human–
wildlife encounters. Current Issues in Tourism 12: 451-474. 
Curtin, S. & Kragh, G. (2014). Wildlife Tourism: Reconnecting People with Nature. 
Human Dimensions of Wildlife 19: 545-554. 
Daume, S., Albert, M. & von Gadow, K. (2014). Forest monitoring and social media 
– Complementary data sources for ecosystem surveillance? Forest Ecology 
and Management 316: 9-20. 
Davies, T. K., Stevens, G., Meekan, M. G., Struve, J, & Rowcliffe J. M. (2012). Can 
citizen science monitor whale-shark aggregations? Investigating bias in 
mark–recapture modelling using identification photographs sourced from the 
public. Wildlife Research 39(8): 696-704.  
Dickinson, J. L., Shirk, J., Bonter, D., Bonney, R., Crain, R. L., Martin, J., Phillips, T. 
& Purcell, K. (2012). The current state of citizen science as a tool for 
ecological research and public engagement. Frontiers in Ecology and the 
Environment 10: 291–297. 
Di Minin, E., Tenkanen, H. & Toivonen, T. (2015). Prospects and challenges for social 
media data in conservation science. Frontiers in Environmental Science 
3(63). 
Dorwart , C. E., Moore, R. L. & Leung, Y. (2009). Visitors' Perceptions of a Trail 
Environment and Effects on Experiences: A Model for Nature-Based 
Recreation Experiences. Leisure Sciences 32(1): 33-54. 
Dove, J. (2015). Canon and Apple were the top Flickr cameras in 2014. 
http://thenextweb.com/apps/2015/01/10/conon-dslrs-and-iphone-5-
dominated-photo-posting-on-flickr-in-2014/ 
Dunbar, S. G., Hudgins, J., & Jean, C. (2016). Meeting Report for the 1st Photo ID 
Workshop, 36th Annual Symposium on Sea Turtle Biology and 
Conservation, Lima, Peru, 29 February 2016. Marine Turtle Newsletter 
(151): 32-33. 
Edge, A., Henley, M., Daday, J. & Schulte, B. A. (2017). Examining Human 
Perception of Elephants and Large Trees for Insights Into Conservation of 
an African Savanna Ecosystem. Human Dimensions of Wildlife 22(3): 231-
245. 
Estes, J. G., Othman, N., Ismail, S., Acrenaz, M., Goossens, B., Ambu, L. N., Estes, 
A. B. & Palmiotto, P. A. (2012). Quantity and Configuration of Available 
Elephant Habitat and Related Conservation Concerns in the Lower 
Kinabatangan Floodplain of Sabah, Malaysia. PLoS one 7(10):1-10. 
Evans, L. J., Asner, G. P. & Goossens, B. (2018). Protected area management priorities 
crucial for the future of Bornean elephants. Biological Conservation. 
https://doi.org/10.1016/j.biocon.2018.03.015 
114 
 
Fernando, P., Vidya, T. N. C., Payne, J., Stuewe, M., Davison, G., Alfred, R. J., Andau, 
P., Bosi, E., Kilbourn, A. & Melnick, D. J. (2003). DNA Analysis Indicates 
That Asian Elephants Are Native to Borneo and Are Therefore a High 
Priority for Conservation. PLoS Biology 1(1): 110-115. 
Fletcher, C. J. (2009). Conservation, livelihoods and the role of tourism: a case study 
of Sukau village in the Lower Kinabatangan District, Sabah, Malaysia. 
Unpublished Master of Natural Resource Management and Ecological 
Engineering thesis. Lincoln University, Canterbury, New Zealand. 
Forman, R.T. (1995). Land Mosaics: The Ecology of Landscapes and Regions. 
Cambridge: Cambridge University Press.  
Gaveau, D. L. A. (2017). What a difference 4 decades make: Deforestation in Borneo 
since 1973. CIFOR. 
Given, L. M., Opryshko, A., Julien, H. & Smith, J. (2011). Photovoice: A participatory 
method for information science. Proceedings of the Association for 
Information Science and Technology 48(1): 1–3. 
Goossens, B., Sharma, R., Othman, N., Kun-Rodriguez, C., Sakong, R., Ancrenaz, M., 
Ambu, L. N., Jue, N. K., O’Neill, R. J., Bruford, M. W. & Chikhi, L. (2016). 
Habitat fragmentation and genetic diversity in natural populations of the 
Bornean elephant: Implications for conservation. Biological Conservation 
196: 80-92. 
Granados, A., Brodie, J. F., Bernard, H. & O’Brien, M. J. (2017). Defaunation and 
habitat disturbance interact synergistically to alter seedling recruitment. 
Ecological Applications 27(7) 2092-2101. 
Gupta, A. (2018). Does GPS SmartPhone Use Data – Mobile Internet Plan? Retrieved 
from https://www.am22tech.com/does-gps-use-internet-data/ 
Hacker, C. E. & Miller, L. J. (2016). Zoo Visitor Perceptions, Attitudes, and 
Conservation Intent After Viewing African Elephants at the San Diego Zoo 
Safari Park. Zoo Biology 35: 355-361. 
Hansen, A. S. (2016). Testing visitor produced pictures as a management strategy to 
study visitor experience qualities – A Swedish marine case study. Journal of 
Outdoor Recreation and Tourism 14: 52-64.  
Hardy, A., Hyslop, S., Booth, K., Robards, B., Aryal, J., Gretzel, U. & Eccleston, R. 
(2017). Tracking tourists’ travel with smartphone-based GPS technology: a 
methodological discussion. Inf Technol Tourism 17: 255-274. 
Harper, D. (2002). Talking about pictures: A case for photo elicitation. Visual Studies 
17(1): 13-26.  
Hausmann, A., Toivonen, T., Slotow, R., Tenkanen, H., Moilanen, A., Heikinheimo, 
V. & Di Minin, E. (2017a). Social Media Data can be used to Understand 
Tourists’ Preferences for Nature-based Experiences in Protected Areas. 
Conservation Letters 11(1): 1-11. 
115 
 
Hausmann, A., Toivonen, T., Heikinheimo, V., Tenkanen, H., Slotow, R. & Di Minin, 
E. (2017b). Social media reveal that charismatic species are not the main 
attractor of ecotourists to sub-Saharan protected areas. Scientific Reports 
7(1): 1-9. 
Heikinheimo, V., Minin, E.D., Tenkanen, H., Hausmann, A., Erkkonen, J., Toivonen, 
T. (2017). User-Generated Geographic Information for Visitor Monitoring 
in a National Park: A Comparison of Social Media Data and Visitor Survey. 
ISPRS International Journal of Geo-Information 6(3): 85. 
Holmberg, J., Norman, B. & Arzoumanian, Z. (2008). Robust, comparable population 
metrics through collaborative photo-monitoring of whale sharks Rhincodon 
typus. Ecological Applications 18: 222–233. 
Holmberg, J., Norman, B. & Arzoumanian, Z. (2009). Estimating population size, 
structure, and residency time for whale sharks Rhincodon typus through 
collaborative photo-identification. Endangered Species Research 7: 39–53. 
Hutton, W. (2004). Sabah Colour Guide: Kinabatangan. Kota Kinabalu, Sabah, 
Malaysia: Natural History Publications (Borneo) Sdn. Bhd. 
Jacobsen, J. K. S. (2007). Use of landscape perception methods in tourism studies: a 
review of photo-based research approaches. Tourism Geographies 9(3): 234-
253. 
Kanalley, C. (2012). The New Flickr App: It’s Like Instagram But Better. Retrieved 
from https://www.huffingtonpost.com/craig-kanalley/new-flickr-app-
instagram_b_2331781.html 
Keeler, B. L.,Wood, S. A., Polasky, S., Kling, C., Filstrup, C. T. & Downing, J. A. 
(2015). Recreational demand for clean water: evidence from geotagged 
photographs by visitors to lakes. Frontiers in Ecology and the Environment 
13(2): 76-81. 
Kirkhope, C. L. & Williams, R. L. (2010). Social networking for biodiversity: the 
BeeID project. 2010 International Conference on Information Society, 625-
626. 
KiTA. (2005). Kinabatangan-corridor of life tourism operators association. Retrieved 
from http://www.kitaborneo.org/ 
Levin, N., Kark, S. & Crandall, D. (2015). Where have all the people gone? Enhancing 
global conservation using night lights and social media. Ecological 
Applications 25(8): 2153-2167. 
Levin, N., Lechner, A.M. & Brown, G. (2017). An evaluation of crowdsourced 
information for assessing the visitation and perceived importance of 
protected areas. Applied Geography 79: 115-126. 
Loong, J. M. (2014). Wildlife + Human Interaction: Creating a Mindful Link between 
the Visitor + Pygmy Elephant Territories. Unpublished  M.Arch thesis. 
University of Washington, Washington, USA. 
Lu, W. & Stepchenkova, S. (2012). Ecotourism experiences reported online: 
Classification of satisfaction attributes. Tourism Management 33: 702-712.  
116 
 
MacKay, K. J. & Couldwell, C. M. (2004). Using visitor employed photography to 
investigate destination image. Journal of Travel Research 42: 390–396. 
Markwell, K. (1997). Dimensions of Photography in a Nature-based Tour. Annals of 
Tourism Research 24:131-155. 
Meekan, M. G., Bradshaw, C. J. A., Press, M., McLean, C., Richards, A., Quasnichka, 
S. & Taylor J. G. (2006). Population size and structure of whale sharks 
(Rhincodon typus) at Ningaloo Reef, Western Australia. Marine Ecology 
Progress Series 319: 275-285. 
Memon, I., Chen, L., Majid, A., Lv, M., Hussain, I. & Chen, G. (2014). Travel 
Recommendation Using Geo-tagged Photos in Social Media for Tourist. 
Wireless Pers Commun 80: 1347-1362. 
Miller, Z. D., Quigley, C., Hallo, J. C., Dogbey, J., Che. S. M., & Seno, S. K. (2016). 
Investigating wildlife and grazing perspectives of Kenyan university 
students. Journal for Nature Conservation 32: 44-52. 
Mintel. (2008). Wildlife Tourism International. London: Mintel International Group 
Ltd. 
Morse, J. (2004). Theoretical saturation. In M. S. Lewis-BeckA. Bryman & T. F. Liao 
(Eds.), The SAGE encyclopedia of social science research methods (pp. 
1123-1123). Thousand Oaks, CA: SAGE Publications, Inc. 
Mueller, J. (2013). What Social Networks Protect Your EXIF (And GPS Location) 
Data From Other Users? Retrieved from http://www.gpsfortoday.com/ 
Myers, N., Mittermeier, R. A., Mittermeier, C. G., da Fonseca, G. A. B., & Kent, J. 
(2000). Biodiversity hotspots for conservation priorities. Nature 403: 853-
858.  
Newsome, D., Moore, S. A., & Dowling, R. K. (2005). Wildlife Tourism. Clevedon, 
Buffalo: Channel View Publications.   
Newsome, D., Moore, S. A., & Dowling, R. K. (2013). Natural area tourism: Ecology, 
impacts and management (2nd ed.). Bristol, UK: Channel View Publications.  
Newsome, D., Rodger, K., Pearce, J. & Chan K. L. J. (2017a). Visitor satisfaction with 
a key wildlife tourism destination within the context of a damaged landscape. 
Current Issues in Tourism. DOI: 10.1080/13683500.2017.1312685 
Newsome, D., Rodger, K. & Chan, J. K. L. (2017b). Workshop Report Kinabatangan 
Beyond 2020: Tourism Perspective. Sabah, Malaysia: Universiti Malaysia 
Sabah.  
Norman, B. M. (1999). Aspects of the biology and ecotourism industry of the whale 
shark Rhincodon typus in northwestern Australia. Masters by Research 
thesis. Murdoch University, Murdoch, Western Australia, Australia. 
Norman, B. M., Reynolds, S. & Morgan, D. L. (2016). Does the whale shark aggregate 
along the Western Australian coastline beyond Ningaloo Reef? Pacific 
Conservation Biology 22(1): 72-80. 
117 
 
O’Neill, M. A., Riscinto-Kozub, K. A. & Van Hyfte, M. (2010). Defining visitor 
satisfaction in the context of camping oriented nature-based tourism – the 
driving force of quality! Journal of Vacation Marketing 16(2): 141–156. 
Orsi, F. & Geneletti, D. (2013). Using geotagged photographs and GIS analysis to 
estimate visitor flows in natural areas. Journal for Nature Conservation 21: 
359-368. 
Orsini, J. P. & Newsome, D. (2005). Human perceptions of hauled out Australian sea 
lions (Neophoca cinerea) and implications for management: a case study 
from Carnac Island, Western Australia. Tourism in Marine Environments, 
2(1), 129-132. https://doi.org/10.3727/154427305774865769 
Othman, N., Fernando, P., Yoganand, K., Acrenaz, M., Alfred, R. J., Nathan, S. & 
Goossens, B. (2013). Elephant Conservation and Mitigation of Human-
Elephant Conflict in Government of Malaysia-UNDP Multiple-Use Forest 
Landscapes Project Area in Sabah. Gajah 39: 19-23. 
Palomino, M., Taylor, T., Göker, A., Isaacs, J. & Warber, S. (2016). The Online 
Dissemination of Nature-Health Concepts: Lessons from Sentiment Analysis 
of Social Media Relating to "Nature-Deficit Disorder". International Journal 
of Environmental Research and Public Health 13(1): 1-23. 
Parham, J. R. (2015). Photographic Censusing of Zebra and Giraffe in the Nairobi 
National Park. Retrieved from ProQuest (10006301). 
Patroni, J., Day, A., Lee, D., Chan, L., Kim, J., Kerr, D., Newsome, D. & Simpson, 
G.D. (2018b). Looking for evidence that place of residence influenced visitor 
attitudes to feeding wild dolphins. Tourism and Hospitality Management, 
24(1), 1-19. https://doi.org/10.20867/thm.24.1.2 
Patroni, J., Simpson, G., & Newsome, D. (2018a). Feeding wild fish for tourism - A 
systematic quantitative literature review of impacts and management. 
International Journal of Tourism Research, 20(3), 286-298. 
https://doi.org/10.1002/jtr.2180 
Pearson, E., Tindle, H., Ferguson, M., Ryan, J. & Litchfield, C. (2016). Can We Tweet, 
Post, and Share Our Way to a More Sustainable Society? A Review of the 
Current Contributions and Future Potential of #Socialmediaforsustainability. 
Annual Review of Environment and Resources 41: 363-397. 
Pickering, C & Byrne, J. (2014). The benefits of publishing systematic quantitative 
literature reviews for PhD candidates and other early-career researchers. 
Higher Education Research & Development 33(3): 534-548. 
Pickering, C., Grignon, J., Steven, R., Guitart, D., & Byrne, J. (2015). Publishing not 
perishing: How research students transition from novice to knowledgeable 
using systematic quantitative literature reviews. Studies in Higher Education 
40(10): 1756-1769. 
Prakash, S. L., Perera, P., Newsome, D., Kusuminda, T., and Walker, O. (2018). 
Reasons for visitor dissatisfaction with wildlife tourism experiences at 
highly visited national parks in Sri Lanka. Journal of Outdoor Recreation 
and Tourism. https://doi.org/10.1016/j.jort.2018.07.004 
118 
 
Qui, L., Lin, H., Leung, A. K. & Tov, W. (2012). Putting Their Best Foot Forward: 
Emotional Disclosure on Facebook. Cyberpsychology, Behaviour, and 
Social Networking 15(10): 569-572. 
Richards, D. R. & Friess, D. A. (2015). A rapid indicator of cultural ecosystem service 
usage at a fine spatial scale: Content analysis of social media photographs. 
Ecological Indicators 53: 187-195. 
Roberge, J. (2014). Using Data from Online Social Networks in Conservation Science: 
Which Species Engage People the most on Twitter? Biodiversity & 
Conservation 23(3): 715-726. 
Rodger, K., & Moore, S. A. (2004). Bringing science to wildlife tourism: the influence 
of mangers and scientist perceptions. Journal of Ecotourism 3(1): 1-19. 
Sabah Ministry of Tourism and Environmental Development. (1996). Sabah Tourism 
Masterplan. Kota Kinabalu, Sabah, Malaysia: Sabah Ministry of Tourism 
and Environmental Development. 
Sabah Wildlife Department. (2011). Elephant Action Plan 2012-2016. Kota Kinabalu, 
Sabah, Malaysia: Sabah Wildlife Department. 
Sensis. (2017). Sensis Social Media Report 2017: Chapter 1 – Australians and social 
media. Retrieved from www.sensis.com.au/socialmediareport 
Sessions, C., Wood, S. A., Rabotyagov, S. & Fisher, D. M. (2016). Measuring 
recreational visitation at U.S. National Parks with crowd-sourced 
photographs. Journal of Environmental Management 183: 703-711. 
Sharma, R., Goossens, B., Heller, R., Rasteiro, R., Othman, N., Bruford, M. W. & 
Chikhi, L. (2018). Genetic analyses favour an ancient and natural origin of 
elephants on Borneo. Scientific Reports 8: 1-11. 
Silvertown, J. (2009). A new dawn for citizen science. Trends in Ecology and 
Evolution 24(9): 467-471. 
Simpson, G. & Newsome, D. (2017). Environmental history of an urban wetland: from 
degraded colonial resource to nature conservation area. Geo: Geography and 
Environment, 4(1), e00030. https://doi.org/10.1002/geo2.30 
Smith, A., Newsome, D., Lee, D. & Stoeckl, N. (2006). The role of wildlife icons as 
major tourist attractions: Case studies: Monkey Mia dolphins and Hervey 
Bay whale watching. Brisbane, Australia: Cooperative Research Centre for 
Sustainable Tourism. 
Sonter, L. J., Watson, K. B., Wood, S. A., & Ricketts, T, H. (2016). Spatial and 
Temporal Dynamics and Value of Nature-Based Recreation, Estimated Via 
Social Media. PLoS One 11(9): 1-16.  
Southern Tanzania Elephant Program. (2018). Southern Tanzania Elephant Program. 
Retrieved from http://www.stzelephants.org/ 
Speed, C. W., Meekan, M. G. & Bradshaw, C. (2007). Spot the match – wildlife photo-
identification using information theory. Frontiers in Zoology 4(2). 
119 
 
Stafford, R., Hart, A. G., Collins, L., Kirkhope, C. L., Williams, R. L., Rees, S. G., 
Lloyd, J. R. & Goodenough, A. E. (2010). Eu-social science: the role of 
internet social networks in the collection of bee biodiversity data. PLoS ONE 
5(2). doi:10.1371/journal.pone.0014381 
Stefanidis, A., Crooks, A. & Radzikowski, J. (2013). Harvesting ambient geospatial 
information from social media feeds. GeoJournal 78: 319-338. 
Straumann, R. K., Çöltekin, A. & Andrienko, G. (2014). Towards (Re)Constructing 
Narratives from Georeferenced Photographs through Visual Analytics. The 
Cartographic Journal 51(2): 152-165. 
Suba, R. B., van der Ploeg, J., van’t Zelfde, M., Lau, Y. W., Wissingh, T. F., 
Kustiawan, W., de Snoo, G. R. & de Iongh, H. H. (2017). Rapid Expansion 
of Oil Palm Is Leading to Human–Elephant Conflicts in North Kalimantan 
Province of Indonesia. Tropical Conservation Science 10: 1-12. 
Sukau Rainforest Lodge. (2018). Sukau Rainforest Lodge. Retrieved from 
http://www.sukau.com/ 
Tenkanen, H., Di Minin, E., Heikinheimo, V., Hausmann, A., Herbst, M., Kajala, L. 
& Toivonen, T. (2017). Instagram, Flickr, or Twitter: Assessing the usability 
of social media data for visitor monitoring in protected areas. Scientific 
Reports DOI:10.1038/s41598-017-18007-4. 
Tonge, J., Moore, S. A., Ryan, M. M & Beckley, L. E. (2013). A photo-elicitation 
approach to exploring the place meanings ascribed by campers to the 
Ningaloo Coastline, North-western Australia. Australian Geographer 44(2): 
143-160. 
Tuuga, A. (2010, October). Management of Wildlife Sanctuary. In Compilation of 
Presentations. Paper presented at the Regional Forum on Enhancing Forest 
Ecosystems Connectivity and Corridors within the Heart of Borneo in Sabah, 
Kota Kinabalu, Sabah, Malaysia (pp. 74-79). Sandakan, Sabah, Malaysia: 
Sabah Forestry Department. 
van der Wal, R., Anderson, H., Robinson, A., Sharma, N., Mellish, C., Roberts, S., 
Darvill, B. & Siddharthan, A. (2015). Mapping Species Distributions: A 
Comparison of Skilled Naturalist and Lay Citizen Science Recording. Ambio 
44: 584-600. 
Van House, N. A. (2007, April). Flickr and Public Image-Sharing: Distant Closeness 
and Photo Exhibition. Paper presented at Computer/Human Interaction 
Conference 2007, San Jose, CA, USA.  
Vantieghem, P., Maes, D., Kaiser, A. & Merckx, T. (2016). Quality of citizen science 
data and its consequences for the conservation of skipper butterflies 
(Hesperiidae) in Flanders (northern Belgium). Journal of Insect 
Conservation: 1-13.   
Van Zanten, B.T., Van Berkel, D.B., Meentemeyer, R.K., Smith, J.W., Tieskens, K.F. 
& Verburg, P.H. (2016). Continental-scale quantification of landscape 
values using social media data. Proceedings of the National Academy of 
Sciences 113(46): 12974–12979. 
120 
 
Wang, C & Burris, M. A. (1997). Photovoice: Concept, methodology, and use for 
participatory needs assessment. Health Education & Behavior 24(3): 369-
387. 
Walden-Schreiner, C. A. (2017). Integrating Geospatial Resource Use and 
Environmental Data at Varying Scales for Protected Area Conservation. Ann 
Arbor, MI, USA: ProQuest. 
Walden-Schreiner, C., Rossi, S. D., Barros, A., Pickering, C. & Leung, Y. (2018). 
Using crowd-sourced photos to assess seasonal patterns of visitor use in 
mountain-protected areas. AMBIO 47: 1-13. 
White, R. L., Sutton, A. E., Salguero-Gómez, R., Bray, T. C., Campbell, H., Cieraad, 
E., Geekiyanage, N., Gherardi, L., Hughes, A. C., Søgaard Jørgensen, P., 
Poisot, T., DeSoto, L. & Zimmerman, N. (2015). The next generation of 
action ecology: novel approaches towards global ecological research. 
Ecosphere 6(8):134. 
Wild Me. (2016). Wildbook for Wildlife Data Management. Retrieved from 
http://www.wildbook.org/doku.php.  
Willemen, L., Cottam, A. J., Drakou, E. G., & Burgess, N. D. (2015). Using social 
media to measure the contribution of Red List species to the nature-based 
tourism potential of African protected areas. PLoS ONE 10(6): 1-14. 
Wood, S., Guerry, A. D., Silver, J. M., & Lacayo, M. (2013). Using social media to 
quantify nature-based tourism and recreation. Scientific Reports 3: 1-7. 
World Wildlife Fund. (2018). Borneo Pygmy Elephant. Retrieved from 
https://www.worldwildlife.org 
Yi-Frazier, J. P., Cochrane, K., Mitrovich, C., Pascual, M., Buscaino, E., Eaton, L., 
Panlasigul, N., Clopp, B. & Malik, F. (2015). Using Instagram as a Modified 
Application of Photovoice for Storytelling and Sharing in Adolescents With 
Type 1 Diabetes. Qualitative Health Research 25(10): 1372-1382. 
Zeglin, R. J. & Mitchell, J. (2014) Using social media to assess conceptualizations of 
sexuality. American Journal of Sexuality Education 9(3): 276-291. 
Zhang, H., Korayem, M., Crandall, D., & LeBuhn, G. (2012, April). Mining photo-
sharing websites to study ecological phenomena. In A. Mille, F. Gandon, J. 
Misselis, M. Rabinovich, & S. Staab. Proceedings of the 21st International 
Conference on World Wide Web. Paper presented at the 21st International 
Conference on World Wide Web, Lyon, France (749–758), April 16–20, 
2012. New York, USA: Association for Computing Machinery.  
121 
 
Appendix A: Informational brochures 
 
Figure A1: Informational brochures used to promote the project at Sukau Rainforest Lodge. 
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Appendix B: Instructional guides for uploading geotagged 
photographs to Flickr 
 
Figure B1: Step-by-step guide for uploading geotagged photographs using Android. 
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Figure B2: Step-by-step guide for uploading geotagged photographs using iPhone. 
 
